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MENINGOCOCCUS ENDOCARDITIS, WITH SEPTICEMIA 


ITS BEARING ON THI MODE OF INFECTION IN PIDEMIC CEREBROSPINAI 
MENINGITIS 
RUSSELL L. CECIL, M.D., anp WILLARD B. SOPER, M.D 
‘) i bin 
Meningococcus septicemia was first reported by Gwyn? in 1899. The 
case was one of epidemic meningitis complicated by acute arthritis 


The meningococcus was isolated from the spinal fluid, synovial fluid, and 
the blood. Cochez and Lemaire? in 1901 were able to demonstrate the 
meningococcus in the blood of two meningitis patients. Jakobitz,® Mar- 
tini and Rohde,* Lenhartz,® Marcovitch,® Robinson,? and Duval’ have 


since made similar reports, the septicemia in all these cases being associ- 
ated with meningitis. Elser, examining the blood in forty-one cases of 


) 


cerebrospinal meningitis, found the meningococcus in ten, or about 25 


per cent. It has been observed that in most instances where the meningo- 


coccus has been found in the circulating blood, the disease has been fatal, 
and some form of extrameningeal lesion has been present. The endo- 
thelial-lined cavities, such as the joints, pleura, pericardium and endo 
cardium have been the sites of these complicating lesions. Duval*® in his 
study of meningococcus septicemia makes the statement that no authenti 
] 


resions 


cases are on record in which the meningococecus has produced 
outside the meninges in the absence of a preexisting meningitis. Ther 
is considerable evidence, however, that such infections do occasiona 
occur. The meningococcus has now been reported several times as oceut 
ring in the blood in cases in which there was no evidence whatever ol 


preexisting or accompanying meningitis. 


The earliest case of primary meningococcus septicemia to be reporte: 
s that of Salomon,’® which appeared in 1902 \ woman, 32 years 


1. Gwyn: Bull. Johns Hopkins Hosp., 1899, x, 112 


2. Cochez and Lemaire: Arch. gén. de méd., 1901, i, 573. 667 
3. Jakobitz: Miinchen. med. Wehnschr., 1905, lii, 2178 

4. Martini and Rohde: Berl. klin. Welnschr., 1905, xlii, 997 
5. Lenhartz: Deutsch. Arch. f. klin. Med., 1905, Ixxxiv, 81 


6. Mareoviteh: Wien. klin. Wehnschr., 1906, xix, 1312 
7. Robinson: Am. Jour. Med. Sc., 1906, exxxi, 603 

8. Duval: Jour. Med. Research, 1908, xix, 258 

9. Elser: Jour. Med. Research, 1905, xiv, 89 


10. Salomon: Berl. klin. Wehnschr., 1902, xxxix. 1045 
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vas seize il swellings in her ows, a lees 
These sympt el owed by chills, fever, and a p st tion 
esembling eryt 1 exudativun Blood-cultures on agar and in br 
vielded the meningococecus. For two months these symptoms continued, 
the clinical pict eing that of a severe sepsis. The patient then 
developed meningitis. and the cloudy flu removed by lumbar puncture ' 
showed the 1 : | patient finally recovered. As there wert 
no sv rt ~ ningitis during t st two months : isonabd 
to cor ~~ 1 hat t septics cn ed the meningitis 
Che bacter g1ca tes in this case are ve brief The statement is 

ide that t ganism isolated “agreed in all its bacteriological proper 
fies with thos meningococcus ut me tural or serum reactions 
ire reported 

Andrewes’ ist eported in 1906, was that ¢ i physician 50 years 


old who suddenly developed a hemorrhagic purpura and died a few days 
ter. There were no symptoms of meningitis. Blood-cultures on agar 


1 in broth gave a pure growth of meningococcus. Smears from the 


} 


hlood showed intracellular diplococci in the leukocytes. At the autops 


no meningitis could be found The organism fermented glucose ar 
maltose and was slightly pathogenic for guinea-pigs 
In 1908 Lie ermelstel ep rted the following Case \ labore . age 


59, was admitted to the hospital complaining of pain and stiffness in bot 
shoulders. His symptoms and fever were of the septic type. There was 
ling that of typhoid. There were no signs of mening'tis 


Several blood-cultures were taken, and all of them yielded the mening 


a roseola resem! 


t} 


eoccus. The spinal fluid, however, was normal. After several mont 


ness the patient recovered without ever having had any symptoms 

meningitis. The diplococcus isolated from this case gave the character 
istic cultural reactions and was agglutinated by a 1 to 300 dilutio 
antimeningococcus serum. The patient’s serum agglutinated s OW! 


organism at a dilution of 1 to 50 


Bovaird’®® has recently 


reported an interesting case of meningoca : 
septicemia, occurring in a girl 15 vears of age She was taken sudden 


th nausea. vomiting and headache. A few hours later a profuse er 


the neck, a_ posit 
thesia. but the spinal fluid was persistent] 

sterile and free from purulent exudate. Blood cultures gave the meningo- 

oceus. The patient developed a severe iridocvelitis, but eventually recov 


ered after receiving several injections of Flexner’s antimeningitis serun 


11. Andrewes: Lancet. London, 1906, Ixxxiv, 1172 


12. Liebermeister Miinchen. med. Wehnschr., 1908, Iv, 1978 

13 fjovaird, David Meningococeus Septicemia with Sterile Cerebrospinal 
Fluid, Tridoevelitis: Flexner’s Serun Recovery, Tue ArcHIVES INT. MEp., 1909 
iii, 267 
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Netter’s!* ening = septicemia eporter , 109 ests 
nl f ncor S1V dem it it 1s at ist susp : \ woman 
was tted ft the ( ta ! ining ol diarrhea f ind ven ral 
malaise. Physi mination showed » sell Maniatis eal acai 
¢ vasti sensitivense The were n signs of nil tis Spinal 
fluid was norma Ne oud ture as taken, but the itients serum 
rolutinated two strains meningococcus at a dilution of 1 to 400. The 
natient’s sister had cerebrospina ( t the time | llagnosis ol 
meningoco S septice a \ . ! > { ‘ timenir 


] 


tis serum and made a rapid recove! 


Five cases, then, of meningococcus septic not associated with 
meningitis have been reported. In four of these the diagnosis rests on 
more or less conclusive evidence. Of the five cases only one came to 
autopsy, that of Andrewes. In this case no focus of infection was recog 

] ible 

In these five cases of primary meningococcus septicemia, no mention 

is made of any cardiac svmptoms suggesting an endocarditis. We have 


been able, however, to find reports of four cases of meningococcus endo 
carditis in the literature. 

Westenhoffer’® in his pathological studv of twenty-nine cases of epi 
demic meningitis reported two instances of acute verrucous endocarditis 
associated with this disease The first patient, a child 1 vear old, had 
been ill three weeks with epidemic meningitis At the autopsv there was 
a suppurative meningitis, Dronchopneumonia, acute pharvng@itis, al d 


acute rhinitis On one of the mitral leaflets. small gravish vegetations 


he s1z7e of neas cm red. 

The second case was that of a woman <1] ears Old she was 1 only 
five davs. The autopsy showed suppurative meningitis, acute pharyngitis, 
and acute rhinitis. In the art both mitral leaflets were the seats of 

( vra egcetations, 

Ni rete oOlo al report Is ven in either case Tho ign the ev dence 
sin ) eningococeal origin ~ ! ) ! that sn irs and 

ltures were not taken from the vegetations 

We = } ( (, eDo tive ( he \ GO } 

: PF — o ] ; } a oe oa f £4) 
ears O ad cal cerebrospinal meningitis. sne diec if te the ith 

14 } ] : 
week, and the autopsy showed meningitis, otitis media, lobar pneumonia, 
pericarditis, and ite egetative mitral endocarditis The meningo 
occus was recovered from the vegetation. Cultures from the purulent 
exudate on the brain were sterile, but smears showed Gram-negat 
diplococe! In the I lkxocvtes., 

14. Netter Bull e VAea e Med... Paris, 1909, Ixii, 108 

» Wester fT Khir la } 1ooe xv 657 


6. We hselhaum and Ghon: Wien. klin. Wehnsehr 1905. x He 
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The case of Warfield and Walker’ is a particularly interesting one. 


A negro, 52 years of age, was admitted to the hospital in a delirious con- 


dition. For two weeks preceding his admission he had been suffering 
with headache and cough and later with chills, fever, and delirium. On 
examination there was herpes, a coated and tremulous tongue, a loud 
systolic murmur at the apex of the heart, and a temperature of 103 F. 
Leukocytes 11,000. Patient continued to have chills and to run a septic 
temperature. At no time were there any symptoms of meningitis. Blood- 
cultures showed a pure growth of meningococcus. Patient became grad- 
ually weaker and finally died one month after admission. 

At the autopsy there were acute ulcerative endocarditis of the mitral 
valve, mitral stenosis, anemic infarcts in spleen and kidneys, and chronic 
diffuse nephritis. Cultures from the vegetation gave a pure growth of 
meningococcus. Cultures from the splenic infarct contained strepto- 
coccus, 


The following is a summary of our cast 


REPORT OF CASE 


Patient.—A stage carpenter, aged 31, was admitted to the Second Medical 
Division of the Presbyterian Hospital, June 5, 1910, complaining of headache, 
pain in left arm and chest, lassitude, and fever. Family history was negative; 


personal history negative, except for immoderate use of alcohol. Patient gave 
history of two attacks of rheumatism, the first one fifteen years ago, the second, 
twelve years ago He was confined to bed several months during both attacks 
He had gonorrhea five years ago. No history of lues. 

Present Illness.—Two weeks before admission patient had a sore throat, felt 
feverish, and noticed some pain and tenderness in right wrist and elbow. Two 
days later he began to have severe frontal headaches, which continued up to time 
of admission. He had vomited a number of times and had some diarrhea. In 
spite of these symptoms, patient continued to work until four days before admis 
sion. At that time he began to have a dull pain across the whole anterior chest, 
which was not increased by the cough that now developed. 

Physical Examination.—The patient is a well-nourished man, mentally clear, 
good color, but much prostrated. Ear-drums normal. Left pupil larger than 
right, but both react normally. Tonsils moderately enlarged and congested, but 
without exudate. Neck not stiff. No enlargement of heart made out. Regular 
action, 100 per minute. Presystolic and systolic murmurs can be heard at the 
apex. Lungs normal. Abdomen soft. Spleen not felt. No petechie, no Kernig, 
no Babinski. Knee-jerks sluggish. Right ankle somewhat swollen and painful on 


motion. On the third finger of the right hand the metacarpophalangeal and first 


interphalangeal joints are swollen, red, and quite tender. Considerable coarse 
tremor of hands lemperature 102.5. Pulse 100 Respiration 32 Clinical 


diagnosis: Rheumatic fever and endocarditis. 

Course of Disease June 8: The patient’s temperature rose to 104.5 and has 
maintained a level of 102-104.5. Marked tremor of hands has developed. Patient 
is quite irrational Symptoms and physical signs otherwise the same Leuko 
eytes 15,000; 86 per cent. polynuclear leukocytes. The picture is that of an 
extreme toxemia. The blood-culture taken on the day after admission has been 


reported sterile. Widal reaction negative. 


———___—_ 


17. Warfield and Walker: Bull. Ayer Clin. Lab., 1903,-06, i-iii, 81 


} 
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lune 9: Patient delirious with fairly marked subsultus. Leukocytes 12,000 
with 90 per cent. polynuclear leukocytes No petechia No signs of meningitis 
June 12: Temperature has continued on a level of 103-104. Pulse and respira 
tion have slowly increased, and are now respectively 120-124 and 28-32. Clin 
‘ illy patient has presented a picture a except for the absence of rose 
spots and enlarged spleen. He lies semi-delirious the whole time, having con 


siderable twitching and subsultus. Movements are involuntary, but patient takes 


fluid greedi 





y. Cireulation has kept up well Blood-eulture taken on June 9 
ve a pure growth of a Gram-negative diplococcus, which was reported as 


probably men coccus On the basis of that report patient was given 15 c.c 








1 Flexner’s antimeningitis serum subcutaneously without effect Patient has 
ud no signs of meningitis. 

June 14: Patient gradually failing. Temperature, pulse, and respiration are 
all rising rhe biood-culture on June 12 shows same organism found in previous 
culture lo-day patient received intravenously 15 ¢c.c. of Flexner’s serum Lun 
bar puncture performed three days ago showed normal fluid. There are now for 
the first time a few petechial spots, size of pin-heads, just beneath left clavicle 

June 15: Temperature rose to-day to 106. Delirium changed to coma. Some 
tiffness of legs and neck, thought not to be that of meningitis Patient died 
to-night, circulation having steadily failed despite stimulation 

Vecroj Performed June 16, sixteen hours after death. Only the most 
interesting features will be referred to The body is that of a fairly well 
ourished young man, | em. in lengt Post-mortem rigidity is present. There 
s livor mortis in the dependent parts. On opening the abdomen, the liver is 
found bound to t diaphragm by firm fibrous adhesions With this ex eption 

tibdomir il « ivity Is negative 

here are old fibrous adhesions in both pleural cavities. The lungs are volumi 

s and heavy. From their cut surfaces, which are dark red, there oozes « 


ble blood-tinged frothy fluid 
he pericardial sac has been partially obliterated by 
} 


eart, with pericardium attached, weighs 670 gm. and 





The pericardium is peeled off with difficulty, exposing 








The right side of the heart contains a post-mortem blood-clot rhe tricuspid 
alve mea es 12.5 em. in cireumference, the pulmonary valve, 8.5 en Phe 
é ts v ire normal There is some hypertrophy of the right ve 

i ! tral Valve hit sures 8.5 en in circumtlerence The two curtains ar 
thic ned and fused together so as to form a thick ring On the auricular su 
face of the anteri curtain there is a soft cauliflower vegetation, 1.5 em. in 
liamete se of the vegetation is firmly adherent to the valve leaflet The 
iortic le lickened and pouched Ihe free borders of the segments ars 
etracte left ventricle is considerably enlarged The papillary muscles 
are hypertrophied The musculi pectinati are somewhat flattened The left 
ventricular wall measures about 2 em. in thickness, and has a soft flabby con 
sistence The musculature is reddish-brown and homogeneous The coronary 
irteries are clea 

The spleen is large and soft, weight. 590 om The « Ly sule is smooth Phe 
ut surface is dark purplish red, and a velvety appearance Considerable 
pulp comes away with the knife. The markings are indistinct Along the anterior 


order there is a sharply defined pinkish-white area, which on section corresponds 


to the base of an irregular wedge, firm in consistence 


nd slightly elevated above 
the surrounding tissue. 

The liver is large and rather soft and pliabl Weight, 2.050 om The cut 
surface is pinkish yellow and opaque. Gall-bladder and bile ducts normal 

The pancreas weighs 200 gm. with duodenum attached, and appears normal 

The right kidney weighs 190 gm The capsule is somewhat adherent The 
surface of the kidney is finely granular. The cut surface is cloudy and swollen, 
the cortex measuring 10 mm. in thickness in some places At the upper pol 
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there is a small pale yellow area surrounded by a narrow zone of red Section 


through this area exposes a firm wedge-shaped mass of vellow tissue, surrounded 


by a dark red zon rhe pelvis of the kidney is dilated and contains a large rough 
stone, which sends off projections into the calyces. The pelvic mucosa is injected 
roughened, and covered with mucus rhe right ureter is normal 

rhe left kidney weighs 240 gm. It is finely granular and cloudy li t 


right No infarets occur Left pelvis and ureter normal 


rhe suprarenals are normal 
The bladder and prostate are normal. 
Nothing of interest is found in the gastro-intestinal tract The 


no changes. The larynx and trachea are normal 


aorta shows 
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The brain weighs 1,450 gm The dura mater is norma! The cortex is edema 


tous, but translucent. rhe sulci contain clear serum The base of the brain 


is free from exudate. The ventricles are normal Frontal sections through entire 


brain show nothing of interest 

Microscopical sections from the organs showed the following: Brain: Section 
through the various parts of the cortex, as well as the pons and medulla, show a 
normal pia-arachnoid. Here and there a few lymphoid and plasma cells oceur 
but nothing suggestive of an exudate can be made out 

Vegetation on Mitral Valve: The vegetation. is composed chiefly of fibrin 
which in many places has undergone hyaline necrosis foward the periphery 


the vegetation contains a large number of polynuclear leukocytes, many of then 


partially disintegrated 
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ly and granular 
At one point in the cortex the tubules and glomeruli have undergone a hyalin 


Kidney The epithelium of the convoluted tubules is clou 


necrosis. Around this necrotic area, the veins and capillaries are intensely con 
gested 
Spleen: The sinuses are filled with red blood-cells There is a large area of 
coagulation necrosis, throughout which a net-work of fibrin is seen. Just outside 
» the necrotic area, there is a hemorrhagic zon In several of the larger veins 
passing through the necrotic focus, fresh mural thrombi occur. some of then 
occupying half or more of the vessel’s lumer 
The liver is cloudy 


Pancreas, suprarenal, lungs and prostate norm: 


12 13 14 15 
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in case report 


Heart muscle: There is a slight increase of the interstitial tissue 
inatomical Diaanosis Acute vegetative mitral endocarditis, chronic mitral] 


ind aortic endocarditis, mitral stenosis, hypert hy and dilatation of heart 





hroni fibrous pericarditis, chronic interstiti: irditis, chronie fibrous 
P pleuritis, congestion and edema of the lungs, acute splenic tumor, chronic inte 
titial nephritis, nephrolithiasis, anemic infarcts in spleen and right idne 
ud: swelling of viscera 
Bacteriological Era nation of the Various Organs 1. Smears from the veg 
tation on the mitral valve show red blood-cells, fibrin, and leuko ytes In son 
of the leuk« cytes, one to a half dozen pair of Gram-negatiy liplococeci are found 


(hese organisms are biscuit-shaped and show various stages of dissolution. Mor 
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phologically, they resemble in every way the diplococcus found in the blood-cul 


tures \ culture taken from the surface of the vegetation shows one colony of 
B. coli commun 

2. Smears from the serous fluid beneath the pia mater show a few endothelial 
cells. No pus cells or diplococci can be found. Cultures from pia mater give 
streptococei and colon bacilli 

3. Cultures from liver, spleen, and heart’s blood show many colonies of 
Bacillus coli communis and a few colonies of streptococcus. 

4. Smears and cultures from the prostate gland show no gonococci 


In order to establish firmly the diagnosis of meningococcus endocat 


ditis it has been necessary to prove two premises: first, that the organism 


solated from the patient’s blood was a genuine meningococcus; second, 


that this organism was instrumental in producing the vegetations on tl 
mitral valve 
sACTERIOLOGICAL STUDY OF THE DIPLOCOCCUS 


1. Morphology.—The organism isolated from the patient’s biood is 
a small biseuit-shaped diplococeus, which does not retain the Gram stain. 
Morphologically, it resembles the gonococcus. The diplococci vary con 


siderably in size and many involution forms occur. 


2. Cultural Reactions.—Subcultures taken from t original broth 
flasks showed the following: 

On ascitie glucose agar, after twenty-four hours, there appeared a 
diffuse, grayish, translucent mucoid growth. When some of the growth 
was removed with a platinum wire, it was seen to have a distinctly viscid 
aualit 

Subcultures in broth, plain agar, blood agar, glucose agar, litmus 


milk, and Loeffler’s blood-serum all remained sterile. By making gener- 


ous transfers, however, from the ascitic glucose agar culture, growths 


were obtained on all the serum media, and two weeks later the organism 


was successfully cultivated on plain and on glucose agar. 





DA l AGGLUTINATION TESTS 
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Fermentation Tests.—The organism ferments glucose and maltose, 
but not lactose or saccharose. 

,. Pathogenicity—A guinea-pig was injected peritoneally with one- 
fourth of a twentv-four-hour growth of the organism on glucose agar. 
He appeared sick on the following day, but completely recovered. This 
test of the organism’s pathogenicity was not carried out until two weeks 


after its first cultivation on culture media. 
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" 
Aqgqlutination and Absorption Tests An emulsion of the organ- 

ism in normal salt solution was prepared from a twenty-four-hour culture 
on glucose agar. The proportion was 4 mg. of the growth to 1 c.c. of salt 





solution. ‘Two stock strains of meningococcus were used for controls 


The three organisms were tested with the ser 
immunized against the 


ul meningococcus, 


of the variously diluted serum were mixed in smal] test-tul 


l te tubes and allowed 
to stand in the incubator at 37 C. for two hours. Thev were then placed 
in the ice-box for twenty-two hours. In the positive reactions a flocculent 


sediment was covered by clear supernatant fluid. In th 


tions the emulsion remained homogeneous and opalescent. ‘Table 1 


the results obtained 


2 
< 


Diplococeus J. S., the organism under consideration, was 


yy a 1 to 100 dilution of the serum. The first control strain of mening: 


coccus was agglutinated by a 1 


control, the homol 


to 500 dilution of the s« rum: the 
logous strain. was agglutinated by a much higher d 


tion, 1 to 15,000 


In the absorption tests a 1 to 5 dilution of th 


tO » dl FeTUM Was first mixer 
with 1 ¢c.c. of an emulsion of the organism, and the mixture incubated 
at 37 C. for two hours. Then, after thorough centrifugalization, the cl 
serum was decanted off, and various dilutions of it were tested th t 
organisn s as in tl original a clutination tests In J ) 2 ti 
are seen 
TABLE 2 ABSORPTION OF MIE ococcUsS IMMUNE SERUM 
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-=< = = i 

(> --c a ‘ a. 27 = 

fe - 5 : —a¢ Pi 

= eu - Sas 
Diplococcus a8 1-100 1-25 75 1-25 75 
Meningococcus, 250 1-15000 1-5000 66.6 1-10000 33.3 

The table shows that after absorption of the serum for two hours 


with diplococeus J. S., the agglutinating power of the serum w 


was Cons 


ably reduced for both organisms. In other words, diplococcus J. S. ] 
the power to absorb specific meningococcus agglutinins. Similar red 


tions in the agglutinative titer of the serum were observed after absory 
tion 


with its homologous strain, “meningococcus 250.” 


G. Deviation of Complement.—In addition to the agglutination and 


absorption tests, we have also tried the deviation of 


con plement test 
The hemolyti 


system devised by Noguchi’® was employed. TT) 
was prepared as follows: 


e antigen 
a twenty-four-hour growth of the organism was 
washed from the surface o! 


a glucose agar slant with 1 ¢.c. of normal salt 


di Sa 


18. Noguchi: Jour. Exper. Med., 1909, xi, 392 
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solutior | s1on was we shaken. covered with te } 
allowed t it e over night in the incubator at 37 ¢ The toluol was 
then carefu removed, the emulsion centrifugalized, and the clear supe 
natant fluid pipetted off For amboceptor we used antimeningococcus 
horse serum, which was kindlv furnished us by Dr. Lamar of the Ro 
eller Institute 

There was complete inhibition of hemolvsis when 0.01 ec.c. of antigen 
from diplococcus J. S.. and 0.05 ¢.c. of the antimeningococcus serum, 


were used. With the control strain, inhibition occurred with a slight 


smaller quantity of amboceptor, namely 0.02 ¢c.c. These tests we . 
course controlled with normal horse-serum. 

The organism showed all the morphological and cultural characte1 
stics of the meningococcus It was agglutinated a 1-to-100 dilutior 
of antimeningococcus serum; finally, it possessed the power of absorbing 
specific meningococcus agglutinins, and of binding complement with 
specific antimeningococcus amboceptor. We feel justified therefor 
concluding that the organism was a genuine meningococeus 

ACTERIOLOGICAL EXAMINATION OF THE VEGETATIONS 

In order to show that the vegetations on the mitral valve were caused 
by the meningococcus, we studied the smears and culture taken at the 
autopsy, and in addition have cut sections of the vegetation and stained 
them for bacteria. The smears showed the characteristic Gram-negati\ 
diplococci in the leukocytes. Only one culture was taken from the vege- 
tation, and that showed a single colony of B. colt communis. 

Examination of sections through the vegetation reveals many po 
nuclear leukocytes in a partially necrotic network of fibrin. In manv of 
the leu tes 0 to a half dozen pair of Gram-negative biscuit-shap 
diploco 1 e see! No streptococci can be found in an 1 SeC- 
tions of the vegetatior 

\ft iving found streptococci in the cultures from t er, splee1 
nd he ecurred to us that ] s aft ull wv 
a ng } tn a str Tor cus end i tis, and that t I n 
a : ule \ st 
smears al ns t ) t veg s has convince 
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The absence of meningoco 
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has led many to the belief that the tonsil is the most common portal of 


entry for the infecting agent in these diseases. In our case the preexist- 
ence of a sore throat and the absence of any other focus of infection would 
give some grou! or suspecting the tonsils, especially when on examina- 
tion they were enlarged and congested. Unfortunately they were not 
examined at the autopsy. This suspicion is strengthened somewhat by 
recalling the fact that the meningococcus is sometimes found in healthy 
mouths, and is constantly present in the nasopharynx during an attack 
of epidemic meningitis. Westenhéffer makes the statement that every 
case of epidemic meningitis is first a case of meningococcus pharyngitis.” 
In twenty-nine autopsies on cases of epidemic meningitis he was able to 
demonstrate an acute pharyngitis in all of them. The nasopharynx was 
filled with mucus and the pharyngeal tonsil was invariably swollen and 
congested. Meyer? made a clinical study of thirty-two cases of this 
disease early in its course, and in twenty-four of them found a well- 


marked inflammation of the nasopharynx. He was also able to demon- 


strate inflammation of the pharyngeal tonsil in a majority of cases. 
\ 


Mever reports one particularly interesting case. The meningococcus was 


/ 


etion in the throat of a patient suffering with angina 


tonsillaris. On the following day the patient developed a typical menin- 


citis. Von Lingelsheim** made an exhaustive bacteriological study of 
nasal and pharv1 | secretions in epidemic meningitis. He was able to 
solate t meningococcus from the nasopharynx of 93.8 per cent. of al 


t] 
The same organism was found in 15 per 


cases of meningitis examined. 


ent. of the throats of nurses and attendants. Westenhéffer raises the 


juestion whether the nasopharyngeal inflammation could be secondary 
to the meningitis, and concludes that its appearance so early in the 
disease, sometimes even preceding it, and the existence of meningococcus 
“carriers” speak against such a possibility. Kutscher** reviews the liter 


ature on this subject and concludes that the constant association of 


pharyngitis with meningitis, and the frequent finding of the meningo- 
coccus in the pharynx and nares in cases of meningitis, as well as in those 
of healthy peo} le, make it in the highest degree probable that the naso- 
pharynx is the portal of entry for the meningococcus. 

Although it is generally accepted that the meningococcus gains access 
to the system by way of the upper respiratory tract, there is some dis- 
agreement as to the course taken by the meningococcus in reaching the 
brain. ‘The earlier writers, notably Weigert, assumed that the infection 
reached the brain by direct extension upward through the cribriform 


21. Westenhiffer: Berl. klin. Wehnschr., 1905, xlii, 737 

22. Meyer: Klin. Jahrb., 1906, xv, 637. 

23. Von Lingelsheim: Klin. Jahrb., 1906, xv, 373. 

24. Kutscher: In Kolle und Wassermann’s Pathogene Microorganismen, 1907, 
Erster Ergiinzungsbd., p. 481 





- 





plate of the ethmoid bons The nasopharyngs lammatio 
proximity of the meninges, and the distribu n of the ¢ la 

use of the brain were the chief arguments ought forward 
of this theory Westenhoff vevel 3 pa ' 
twenty-nine cases, found the ethmoid cells inflamed in only 
and in these the changes were slight and apparently second 
accompanying rhinitis. In the remaining twenty-seven cases 


nothing to suggest an infection through the cribriform plat 


The investigations of Meyer, Von Lingelsheim, Westenhi 


others have shown pretty clearly that infection of the men 
does occur by direct extension upward, is effected by an « 


the nasopharynx through the sphenoid bone rather than 
from the nasal cavities through the cribriform plate. 
inflammatory changes in the pharynx have alrea 
anterior portions of t nasal cavities are genera 


tion. The meningococcus can usually be recovered from 


21 hol ] 


rarely from the nose. Westenhdéffer™? believes that epidemi 


follows extension of the inflammation through the spheno 
he has formulated an interesting theory in support of 


evidence in favor of the hypophysis being a rudimentary s 


observes that the sella turcica almost completely encloses thi 


forming a bony casement about it similar to that about 


He then refers to the frequent involvement in meningit 


of 


cavities connected with the nose and pharynx, and argues that 


goccoccal infection, having once involved the sphenoidal 


] ] 


readily extend through the thin lamina of bone above it. TT) 
cent. of Westenhéffer’s cases showed an involvement of tl 
sinus. He also found that in patients who died early in the 


meningeal exudate was often confined to the region of the 


He admits, however, that the same type of perihypophvsial 


may be demonstrated in otogenous, as well as in tuberculou 


Flexner®® showed that meningococc!, W n introduced int 
the spinal canal of monkeys, distribute themselves in a few 
the meninges and produce an exudate which accumulates 
lower spinal meninges and the meninges of the basi 
constant distribution in monkeys of the exudate « 


led Flexner to “doubt the validity of the reasoning 


this localization of the inflammation in man to t entr: 


meninges of the infective agent directly through the nasa 


Westenhoffer™® could find no definite eviden of an i 


~+ 


the nerve-sheaths, or by way of 


ies. In the few cases in which mild inflammatory changes 





25. Flexner: Jour. Exper. Med 907, ix, 142 
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tere Ss irent 1 <tensior e downw He 
t =f cement tne nD yiands wit 

S t ‘ enters and inf tration wit l old a - 

| e occurr;re!l Cases such as the one we have ere repe rted permit 
i considerat n trie ematogenous theory of infection in epidemic 
mening tis 

Elser and Hunt n an exhaustive stud epidemic meningitis 
seuss the 1 1, ntection at some lenet I summarize the evidence 
n favor of a hei ogenous origin as follows 

ihe eariyvy appearance of the meningoc« : nm the ood 1 a On-lderabie num 
be of cases, the irance of general sepsis suggested by some patients early 
m the iseas the 3 * in parts far removed from the central nervous system 
found at the itopsy of individuals who succumbed to the disease within twenty 
four hours of its ptic ind finally the appearance of characterist lesions in 
e eye syI ronous vith manifestations referable to the central nervous system 

point toware nm eariy generalization of the meningococe:, but are not compe 
tent to prove tft t t general intectior t ntedatec the meningeal 
involvement 

he writers st quoted also emphasize the sudden onset of epidemi 

I I 
meningitis, contrasting it in this respect wit other forms of meningitis 
I 

n WwW ( | cl niectiol i the cerebra eninges Is reasonab ertain, 


f meningitis. In the latter 


arentiy as a more oO ess 





mited } er the entire brain. This 
fact, the ematogenous infection 
| oblem does not lend its¢ read to solution by experimenta 


etnods Phe n ‘ s the only other anima n which lesions similar 
to those occurril n mal ave been produces i] thers sa great differ 


ence in the degree of their susceptibility Flexner,?® studying epidemi 


ningitis in monkeys, found evidence of extension of the meningeal 
flammation into the membranes covering the olfactory lobes and along 
e dura mate! nto the ethmoid plate ane isa ! osa smears from 
t nas mucous membrane showed polvnuclea eukocytes containing 
ntrace I plo Cl similar in a espects to eningococ Hi d 
ot succeed, howeve n cultivating the meningococcus from the nos 
evs b ng nasal mucous membrane with cotton soaked in a 
ture of the n ngocoecus Negat esults ils een obtains 
en menil ve njected intrave » monkeys. It t 
: prising that thes Torts to infect ) : tside of the spina an: 
‘ ruitless exner I ded : experiments that the 
tit ’ ! t é red 1 aus irked symptoms or a 
26. Elser and Huntoe lour. Med. I , 1909 73 
»- Rote } . 7 ; | f ¢ nskr k} 1904 
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\ PHYSIOLOGICAL INVESTIGATION OF THE TREATMENT 
IN HEMOPTYSIS * 


CARL J. WIGGERS, M.D 


ANN ARBOR, MICH 


I. INTRODUCTION 


It is quite venera ly coneeded that a favorable sequel following the 


administration of a drug is not a satisfactory test of its efficacy 


hn check 


ing hemoptysis, for it has been proved clinically and experimentally that 


hemorrhages from the pulmonary vessels often cease with the most sm 


prising promptness. This spontaneous cessation is occasioned through 


the relatively low pressure reigning in the pulmonary circuit, and the 


reticular nature of the lung parenchyma. which acts to hasten the clot 


formation. So efficient are these forces that. in the dog, it has proved 


impossible to produce a fatal result, even when the main branch to a 


lobe was cut. Unfortunately, the clinical evidence of fatal issues f{ 


ron 


hemoptysis indicates that man does not enjoy so certain a protection as 


he lower animals, a fact to be explained by the slower coagulation 


human blood. Hence, the management of pulmonary hemorrhage neces 
sitates the use of such remedies as tend to favor the cessation of bleeding. 


As the natural accompaniment of the transition period from empirical 


therapy to pharmacological experiments, has come the attempt by clini 


clans to recommend those drugs which so modify the pulmonary circuit 
that the pressure at the bleeding point lessens; but, in spite of this 
scientific attitude, one is struck by the apparent lack of unanimity in 


the ¢ hoi ce of di ugs, 


The perusal of recent text-books on internal medicine indicates mildly the 
chaotic state that the management of pulmonary hemorrhage is in to-day. Dis 
crepancies such as those cited could be many times reduplicated in the current 
literature. Admitting that its action is difficult to explain on a physiological 
basis, Klebs,’ nevertheless, advises the use of adrenalin (epinephrin) in pulmonary 
hemorrhage, and Forchheimer® speaks of it as “the most valuable of all remedies 
recommended.” This author also advocates the use of ergot, since it has been shown 
to constrict the pulmonary vessels. On the other hand, Brown’ writes, “We can 
hope to gain little by the use of drugs causing a constriction.” since “the wall of 
the bleeding vessel is always diseased.” Osler* regards the use of ergot as harm- 
*This research was carried on during the summer of 1910 at the Research 


Laboratory of Parke, Davis and Co., Detroit, Mich 


1. Klebs: Tuberculosis, New York, 1909, p. 633 
2. Forchheimer: Prophylaxis and Treatment of Internal Diseases, New Yor) 
1907, p. 156. 


3. Brown: Osler’s Modern Medicine, Philadelphia, 1910, iii, 404 
$. Osler, W.: Practice of Medicine, Ed. 6, 1906, p. 630 
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ful ur 4 esignates ergot preparations is orse than useless ' 
account of the ressure-raising effect on the pulmonary circuit. Kelly® also 
warns against the use of pressure-raising drugs such as ergot epinephrin, digi 
talis and strophanthin In the American edition of Nothnagel’s Eneyclopedia of 
Medicine 1905, p. G15 digitalis is recommended because it slows the heart, 
and this sentiment is faintly echoed by Brown in Osler’s “Modern Medicine.” 
Osler and Babeock both discountenance its use since thev believe that the slow 


ing is more than offset by the strengthening action on the heart 

\tropin is been recommended by Babcock on the assumption that the dilata 
tion of the skin vessels draws blood from the pulmonary circuit, while others 
have condemned its use because of its accelerating action on the heart Many 
cardia epressants ixconite, chloroform and chloral among the number. ars 
frequently recommended in current literature, since they reduce the output of 
the heart and thus tend to relieve the pressure in the pulmonary circuit Others 
condemn their use, fearing to further depress the heart when it is already suffer 
ing trom anemia 

Authors vary in their faith as to the value of vasodilating drugs, from those 
who regard them as specific pulmonary hemostatics, to those who take to their 
use with a certain lukewarmness. For example, F. Hare’ recommends amy! 
nitrite on the supposition that it lowers the pulmonary pressure by reducing the 


pressure in the left auricle. Brown" employs it on the supposition that it drains 


the blood from the lungs into the splanchnic vessels On the other hand, some 
as Babeock, call attention to the fact that the acceleration occasioned may aggra 
vate the bleeding by more than counterbalancing the passive pressure fall 

The causes of these discrepancies are twofold. On the one hand, 


there has been a tendency among clinical men to regard the control of 
the pulmonary circulation as a very simple affair, and to consider the 
effect induced by a single phase of a drug’s action to the exclusion of 
other phases, perhaps no less important. On the other hand, pharmaco- 
experiments have not demonstrated decisively the resultant effect 


which is induced in the normal pulmonary circuit by the composite actions 


logica 
of a drug, while the modification of drug action during hemorrhag« 


remains practically an uninvestigated territory. 


2, ARGUMENT 


Before attempting an experimental investigation of the influence of 


drugs in hemoptysis, it is desirable to delineate clearly the criteria whic] 


y 


ll be favorable 


shall determine whether or not a drug’s influence w 


I rite CONSTRICTOR ACTION ON THE PULMONARY VESSELS 


The idea has so long held sway that drugs inducing a constriction 
can favorably influence hemoptysis that the experimental side of its 
treatment, to many minds, becomes identified with the investigation of 
a drug’s ability to constrict these vessels. Hemodynamic considerations. 
however, indicate that such an assumption may not safely be made. In 


5. Babcock: Diseases of the Lung, New York, 1907, p. 183 
6. Kelly 4. O. J Practice of Medicine, Philadelphia, 1910 Pp 541 
7. Hare I incet, London, 1904, ii, 942 


8. Brown Am. Jour, Med. Se.. 1906, exxxii, 210 
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the first place, the action of these agents is limited large to, or at leas 
predominates in, the smaller vessels, the const thor W ends t 
Inerease The pressure n the pulmonary arteries, and so also tft ncereast 
thy eeding from this source In the second pla t st be establis 
that thes iwents do not act also to Increase the minut ut t 
eht heart ( should the do so, any direct const tor tendene ! 
the pulmonal vessels might be passivelV overpowered and thus en 
ve from the smaller vessels, and even from the veins. be increase 


We must con ide, then, that a ari o's ab t to constrict the pulmor 


i il 
vessels Is not a criterion of its hemostatic va 
Il. ABILITY TO LOWER PRESSURE IN TILE PULMONARY ¢ CUT 
Since the rate otf ileeding from thre pulmonary vessels ~ mvious 


dependent on the pressure within the vessels, as well as on the size of the 


wound, any decrease In pressure may be regarded as favoring the cessation 


of hemorrhage. The pulmonary circuit, however, is peculiarly adapte: 


to maintain the normal mean blood-pressure as a minimum standard 


below which it is rarely permitted to go, even under the most diversified 
changes in the heart and blood-vessels which are induced by drugs It 
Is possible to conceive of a combination of physical conditions of sucl 


a nature that a hemorrhage could decrease even though the pressure 


remained unchanged. This would occur provided the resistance ahead 


of the bleeding point were diminished while the output of the right heart 


increased just sufficiently to counterbalance this. In such an event, a 
larger portion of the blood would be directed into the dilated vessels 


ahead. We mav conclude, then, that when a drug causes a lowering of 


pressure in the pulmonary vessels, that hemorrhage from these vessels 
must decrease; but the failure of a drug to lower pressure is not of 


necessity anv indication that the bleeding will not be benefited by it. Tt 


such cases the flow ol hlood Irom a wounded vessel, i] caught and con 


tinuously measured, is of value in determining directly the effect of drugs 


II! EFFECT ON SYSTEMIC PRESSURE AND RESPIRATION 


Obviously the mere fact that a drug lowers the svstemic pressure is in 


no sense an indication that it exerts a similar influence within the pu 
monary circuit and hence a discussion of the influence of drugs on th 
systemic pressure might seem superfluous From a physiological view 


point. however, the value of a drug in hemoptysis may not be judged 


entirely by its abilitv to reduce the bleeding The problem which con 
fronts the therapeutist is not as simple as that of the plumber who mends 
a leaking pipe. The physician must also consider whether the means 
adopted to stop the bleeding tend to endanger the function of any orgar 


in such a wav that it remains permanently disabled. or may accelerate a 
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fatal issue In previous papers” I have dwelt on the necessity of « hoosing 
such drugs as do not interfere with the natural compensatory mechanisms 
that are called into play during hemorrhage. On this basis, the use of 
pressure-lowering drugs, especially in severe hemorrhages, was discoun- 
tenanced, since they counteract those mechanisms which strive to main- 
tain the arterial pressure and give an adequate circulation to the brain. 
Se, too, those remedies which dangerously depress an already anemic 
heart or interfere with the compensatory respiratory mechanisms may 
become contra-indicated in the severe stages of hemorrhage even though 
they mav favorably influence the bleeding in normal animals. 
summary. \ consideration of the pathological physiology of pul- 
monary hemorrhage, then, indicates that an investigation of a drug’s 


value in hemoptvsis consists, first, in determining its ability during 
various stages of hemorrhage to reduce the pressure in, or the efflux of 
hlood from. the pulmonary vessels. If it accomplishes this satisfactorily 
it still remains to be determined whether it tends to relieve the respiratory 
and vasomotor centers as well as the heart in their compensatory efforts 


to maintain the circulation. If it is found to antagonize these mech- 


anisms, it becomes physiologically contra-indicated. 


VETHODS AND PROCEDURES 


TI e dogs emploved in this researe h wert thoroughly anesthetized DY 


the administration of chloretone intraperitoneally (0.3 gm. per kilo in 
olive oil). A jugular vein was prepared for introduction of the drug and 
the carotid pressure was recorded by a mercury or membrane manometer 
during the rest of the operation. The procedures then varied with the 
object of the individual experiment, When it was desired to study the 
effect of a drug on the rate or amplitude of the heart or on the pulmonary 


circuit independent of modifying respiratory influences, form of arti- 


ficial respiration modified from that recently described by Meltzer’® was 


used. Through a small tracheal cannula, a small rubber tube or catheter 


ea. The size of the reflux 


was introduced to the bifurcation of the trac 


1} 


stream which left through the nose or mouth was adjusted, not by adapt 


ing the size of the inflow tube to the trachea. as in Meltzer’s method, but 


bv tightening a tape ligature placed around the trachea below the opening 


B this means the trachea could be narrowed and the lungs inflated to 


just such an extent that the animal made no attempt at spontaneous 


reathing. When, in consequence of the loss of blood, the animal resumed 


respiratory movements, the distention of the lungs was slightly increased 


ir a stream of oxvgen substituted for air. This method was found satis- 
factorv exec pt for the tendenev of the lungs to become evanotic ~ a detail 


} 


mentioned by Meltzer. This was obviated in the latter experiments by 


9. Wiggers: Tue ArcuiIves Int. Mep., 1909, iii, 139; 1910, v, 438 
10. Meltzer: Jour. Exper. Med., 1909, xi, 622 











CARL J. WIGGERS 2| 


substituting for the continuous stream, a briefi nterrupted one This 


was accomplished by passing the air through a stop-cock so arranged that 


the period of closure was verv brief, during whi there occurred, never- 
theless, a slight collapse of the lungs, sufficient to prevent the interfering 


cVanosis, even though the experiment was carried over the greater portion 
{ the alternoon. 

With the artificial respiration thus adjusted to the needs of the animal, 
a cardiometer or cardiograph was applied to the heart, or cannulas were 
inserted into either the central end of an arterial, or the peripheral end 


a venous, branch (for details see former Communication® ) In a nun 
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Fig. 1 Two plots showing the effect of digitalis on heart-rate H. R 


pulmonary arterial pressure (P. A. P.) and pulmonary venous pressure (P. V. 
P.); in A, natural respiration experiments, and, B, hemorrhage experiments. 


ber of instances the pressure was recorded from a T-cannula and the flow 
through the lungs thus uninterrupted. These cannulas were connected 
in different experiments either with a Hiirthle manometer alone (which 
recorded the systolic and diastolic pulmonary pressures and their differ- 
ence, the pulse-pressure) or simultaneously with a mean pressure manom- 
eter much dampened. When the pressure was not decisively altered, the 
influence of drugs was further studied by leading the blood-flow from one 
of these cannulas through a short rubber tube to the pan of my drip 
recording apparatus.’! In some experiments the pressures in the auricles 


were also recorded, that of the right, through a long cannula inserted 


ll. Wiggers: Am. Jour. Physiol., 1908, xxiii, 23. 
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throug the jug ir. that of the left. from a cannula in the centra end 
of a pulmonary veil Experiments in which the above technic was used 
will be designated as “artificial respiration experiments” In this paper. 
Experiments such as these. although fundamental and elucidative, 
could not by themselves be regarded as determining the value of a drug 
during hemoptysis In the first place, many drugs, either directly or 


through the alteration in systemic pressure, affect the respiratory center 
causing changes in rate and depth of respiration which are not without 
effect on the pulmonary vascular pressure. Accordingly, it became neces 
sary to study the changes occurring during natural respiration. ‘To do 


this the cardiac appliances and pulmonary cannulas were connected as 


hefore The threaded end of a metal pleural cannula was then fixed into 
the chest wall by a nut on the inside, after which the thoracic wal! was 
1, laver by laver, and thus rendered air-tight, a pro- 





Fig. 2.—Effect of strophanthin (1 mg.) on cardiae output (C), pulmonary 
arterial pulse pressure (P. A. P. P.), pulmonary arterial mean pressure (P. A. 
M. P.) and the mean carotid pressure (C. P.), Downstroke of cardiometer tracing 
in systole 


cedure similar to that described by Fredericq.’* A negative pressure was 
then established within the chest through the cannula and this was then 
connected with a recording tambour. All artificial respiration was then 
discontinued and the animal resumed natural, quiet respiratory move- 
ments, which were recorded by the tambour connecting with the pleural 
cannula. These experiments will be designated as “natural respiration 
experiments.” 
Finally, two other points must be investigated in relation to the chor 


of drugs in hemoptvsis. In the first place, the loss of blood, if fairly 


12. Frederieq: Travaux du Lab. de Léon Frederieq, 1880, i, 111 
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irge, Will Induce an Increase in the rate and ept ft res tions t 
times amounting to a condition of severe dvspnea. In the second place 
as L have befor pointed out, the characterist actiol s e ot out 
vest-known drugs is lost or altered after hemorrhage. According! the 


effect of drugs was also determined in experiments in which a condition 
ol dyspnea had been induced by the loss of blood. These experiments 
will be designated as “he morrhage experiments “4 
)}. THE EFFECT OF DRUGS ON PULMONARY HEMORRHAGI 
Of the many drugs the action of which on the pulmonary circuit was 
investigated, two classes will be here reported, viz.. those 


experiment has shown to decrease the pressure or hemorrhage in the pu 


monary circuit, and those which are most commonly emploved 
: 
Work 
I. DIGITALIS AND ALLIED PREPARATIONS 


Recently, Plumier'™* has studied the effect of digitalis on the pu 


monarv circuit and has also given a review of the literature. From tl] 


aT UG ALA TERT SABER Tad US ABE US TEATEVES TUCSUNED LY OY CSV ERTERB SC OD) TE 


A 
A 





3 Effect of ergotoxin (1.5 mg.) on contractions of auricle (A) and ven- 


tricle (V) of a perfused rabbit’s heart. 


review, it is evident that experimenters are by no means agreed as to 
whether digitalis causes a rise or a fall or has any effect whatsoever on the 
pulmonary arterial pressure. The experiments of Plumier above quoted 
seem to establish clearly, however, that the action of the alcohol contained 
in the preparations tested was not in all cases adequately considered, and 
that the pure principles of digitalis induce only a rise of pulmonary 
arterial pressure. The increase is slight as long as the heart is slowed, 


jut becomes more marked when the slowing is replaced by an acceleration 


characteristic of digitoxin. 
futhor’s Work.—The results of several experiments confirmed those 


f Plumier, as far as the effect of digitalis preparations on the pulmonary 


{ 


arterial pressure was concerned, so closely that a detailed investigation of 


13. Proe. Soe. Pharmacol. and Exper. Therap., December, 1910 


14. Plumier: Jour. de physiol. et de path. gén., 1905. vii, 455 
I | 
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this point is nnecessa Since no attempt een ma t 
| 
( mit et] se preparations on e venous pressure ! 
sires =s i Stiol whethne tive nstricting a | n ( 
sina ssels : ‘ Ow et db tiv wtion on the eart emaltl 
nanswel I . is e drugs action was more extens enter 
nt Art i ! natural respiration experiments showed that al 7" 
free preparations digitalis (Infusion, U. S. P.. Digitalone, P.. D. an 
( Digitalein, Merck) caused in animals with a norma ylood-pressut 
a primary slowing of the heart, followed by a slight acceleration. During 
the m ‘ slowing, the mean pressure in the pulmonary vein (pet - 
eral end) often remained unchanged, the pulse-pressure due to the slow 





C. P.) and pulmonary 


Fig. 4 Effect of ergotoxin (1 mg.) on carotid pressure 


venous hemorrhage \ H 


ifel and hemorrh: re chiminishe ~ rit 


ing of the heart became gre 


Analvsis showed that the constriction induced by digitalis in the pul 


monary circuit Was great enough to counteract the ine reased output of 
the right heart. When the slowing of the heart is gradually replaced b 
in acceleration. then, however, the local Vascular action 1s ove owere | 


emented minute output of the right heart and the venous pres 


ve increases ( Fig. me 3 
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After the loss of a quantity of blood, the actual amount d 
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the heart, as I “ave vefore pointed out, although the strengthening 
nfluence on the heart is maintained. Consequently, the effect of digitalis 


during hemorrhage differs from the normal in that both the pressure and 
hemorrhage from the pulmonary veins from the start increase (Fig. 1, B) 
Summary 1. Alcohol-free digitalis preparations cause, in natura 


and artificial respiration experiments, a rise of arterial pressure and an 


immediate increase of hemorrhage, owing to the increased minute output 


of the right ventricle, and the constriction of the pulmonary vessels. 
2. The nduce a temporary fall in venous pressure and a reduction 
of venous hemorrhage lasting as long as the heart remains slowed. This 


foll | hemorrhage when the 


is shortly followed by an increased pressure and 


siowing action ts lost. 


0 A dh ah MOVOTO) J 


 fernres, 





Fig. 6 Effect of a saline pituitary extract (1 ¢.c.) when heart was markedly 
slowed Lettering same as before. R. A., right auricular pressure. 


3. In bleeding animals in which digitalis fails to slow the heart there 
is only an increase in venous pulmonary pressure and an increase of bleed- 
Ing from these vessels, 

Strophanthin.—Seven animals on which strophanthin was tested 
showed that this drug differed from digitalis preparations in that, even 
in normal animals, it failed to slow the heart in the doses tested. The 
mean carotid pressure and the mean pulmonary arterial pressure simul- 
taneously increased (Fig. 2). Records of the pressure and flow from a 
pulmonary vein failed to show that strophanthin influenced it in either 
direction, show ng that the constriction of the smaller vessels is just 


powerful enough to counterbalance the rise of pulmonary arterial pres- 
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sure. These reactions are sufficient to indicate the lack of bene il action 
( rt? d by strop] int n ove pulmonary hen ! ives whethe Iron rite 
es or veins 
Il. ERGOTOXIN 
Previous Work.—The experiments of Bradford and Dean,.’* Mellin," 
Plumier’* and Dixon'™ are agreed that commercial ergot preparations, 
such as the fluid extract, ergot aseptic, etc., increase the pulmonary 
irterial pressure and thus definitely indicate that their intravenous ust 
would be undesirable, at least in hemorrhages from the pulmonary arter 
a he : : 
jes The cause of the increase of pressure is debatable, however, and th 
ffect on hemorrhages from the pulmonary veins remains an open ques 
on. According to Mellin and Plumier, the rise of pulmonary arterial 
pressure is largely due to a constriction of the pulmonary arterioles. 
® » Boas, oe St Aled »Y a ae 7 Myre 7 
j HY tg : : Th ae § Le a ‘ u 
‘ y a WAY ayo a. BE ee if \ 
einen 
F “wn ont Ee snr 
~ AS 
ya Se Td eee ee aS en 
cuesinein 
Fig. 7.—Effect of pituitary extract (given at X) on ventricular output (V. 
0.), on dyspnea (R), on pulmonary arterial pulse pressure (P. A. P. P.), on 
pulmonary arterial mean pressure (P. A. M. P.), and carotid mean pressure 
(c. Bib. 
They maintain that the rise in pressure occurs in spite of a depression of 
the heart. Dixon, on the other hand, attributes the rise of pulmonary 
arterial pressure to an increased output of the right ventricle, which hi 
considers powerful enough to overbalance the constriction and cause “the 
utflow from a branch of a pulmonary vein to be even greater after the 
administration of ergot than before.” These discrepancies are probably 
15. Bradford and Dean: Jour. Physiol., 1894, xvi, 8¢ 
16. Mellin: Seand. Arch. f. Physiol., 1904, xv, 147 
17. Dixon 4 Manual of Pharmacology, London, 1906 
j 
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due, not to the different interpretation of results or to faulty technic, but 
ather to the use of different preparations of ergot, which are nown t 
a Wiel n their content Ot vasculal active substances. Further 
more, however, it is a well-demonstrated fact that the effect induced 
these us Ters marked when ( njected intravenous ne 
when t ire given subcutaneously or ora lo avoid these difficulties 
| mited 1 = ) termining the effect of one the actly rincipies 
ergotoxin. prepared according to the method described by Kraft."* 
Pharma yy Preliminary experiments showed that on the perfused 
rabbit’s heart this preparation decreased the svstole and augmented t 
tonus—the amplitude and output, in consequence, decreasing (Fig. 3) 
Perfused t roug in isolated lung, it caused a marked constriction of the 
pulmonary vessels, Injected into a normally breathing animal, it induce 
a pronounced and prolonged rise of arterial pressure The amplitude of 
cardiac contraction as well as the systolic output were also at rst 





Fig. 8.—Effect of nitroglycerin on carotid pressure and pulmonary arterial 
mean pressure Artificial respiration. Lettering same as before. 


decreased but later increased. Since ergotoxin exerts a depressing influ- 
ence on the respiration, in some cases amounting to complete cessation, 
tt is difficult to determine in the intact animal to what extent the subse- 
quent increase in cardiac amplitude may be due to the asphyx al con- 
dition. 

Effect on the Pulmonary Circuit.—Artificial respiration experiments 
showed that ergotoxin causes. concomitantly with the rise of carotid pres- 


Bl 


sure and the decrease in the amplitude of the heart, a fall in the svst 
and a rise in the diastolic pulmonary arterial pressur The latter change 
was due to the effect on the pulmonary arte rioles. The effect on the mean 


pressure and hemorrhage is the resultant of these two actions and, accord- 


IS. Kraft: Are Pharm., 1906, cexliv, 336 








ing the hemorrhage slightly decreases or remains unaltered. I have 
never seen it increase. When the decreased cardiac amplitude is replaced 
by an increase, the systolic pressure and mean pressure rise. Hemorrhage 
does not at this time increase, a fact attributable to the coagulating influ- 
ence of the blood. The changes in the pulmonary veins differed fron 
those observed in the arteries in but one particular No secondary 
increase in the mean and systolic pressures was observed when the ven 
tricular beat strengthened, probably because the arterioles remained con 
stricted (Fig. 4). 
It may be parenthetically added that these effects on the pulmonary 
reuit were not obtained with crude ergot preparations. 
In natural respiration experiments 1 to 2 mg. of ergotoxin exerted 
1 depressing influence on the respiratory movements causing at times an 
actual cessation. Under such conditions the decrease in cardiac amplitud: 
PROBE REROR ALOR DRSB IA BRAR IRI EIRERIRDLLL ORES CULE LEC LCEC ODS cary om 
OE aa TS” Re ORE RO eR) OLS oy i bee haste temas carn tel ot! yee gta 
AMMAR | iid duit Hid \ ft P'S FN hint YW 
Wc lihlisilo di whl wt fii, MCRL RAAT LL a ill 
Fig. 9.—Effect of nitroglycerin on the volume of ventricles, on pulmonary 
irteria!l pulse-pressure, and carotid pressure Lettering same as before After 
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hemorrhage, with artificial respiration. 


Wii 


s replaced by an earlier increase, which was apparently due to an 


l 


asphyxia! effect. Then the systolic and mean pulmonary pressures ros 


and hemorrhage increased from the arteries but not from the veins. 


After the loss of blood the action of ergotoxin on the heart and cireu 


] 


ation gradually became less until finally, after severe losses of blood, it 


exerted no effect whatever. This becomes a serious drawba t the 


employment of ergotoxin during hemorrhage. 


Summary 1. Ergotoxin temporarily decreases the pulmonary arte 


il pressure because of its depressant action on the heart. This is fol- 


wed. especially in normal animals, by an increase due to a secondary 


augmentation of the heart. 
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extra In t majorit ises It slows t ul 1c 

rf most investigators ncreases n | { ! n i 
nes taken from the heart directly show. however. that this assumpttor 
is based on inconclusive evidence, and | have pointed out*® that in eardio 

graphic and oncometer tracings the predominant effect of pituitrin ts 
depression of the amplitude and a decreased systolic output In a more 
extensive series of experiments, MeCord'” has recent shown that this 
is the chief action of all pituitary extracts although there is at times a 


liminary augmentation of very short duration 


of pituitary extract (pituitrin or a saline extract of the dried or tres! 


gland) caused an increase in carotid pressure, the actual rise as well as 
Increased Rate Decreased 
Tnereas ed Ovtput Return of 


Blood to right 
Heart 
Natural 
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Fig. 11.—Plots illustrating and explaining effects of nitroglycerin and amy! 


nitrite on pulmonary arterial pressure in normal and bleeding animals 


the duration of which, varied in different animals At the height of t} 

pressure rise, the output of the ventricle was decreased and in approxi 
mately 75 per cent. of cases the heart had slowed (Figs. 5 and 6). Hence, 
the minute output was decreased whether or not this slowing occurred 
Concomitantly with the decreased minute output, the mean pulmonar 

arterial pressure began to fall. The cause of the fall depended on whether 
the heart was slowed or not. 


20. Wiggers Am. Jour. Med. S« Ol], exhi, 502 
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When the heart-rate remained unchanged (Fig. 5) the pulse-pressure 
in the pulmonary circuit was reduced largely from the drop in the systole 
portion. This change, taken together with the cardiometer tracings, 
indicates, first. that the fall in mean pressure results from a reduced 


output of the right heart, and. second. that anv slight constrictor action 


on the pulmonary arterioles does not appreciably counteract this change 


Hemorrhages from the pulmonary arteries were immediately reduced and 


with the aid of the coagulating power of the blood were permanently 
checked. 

When the heart was slowed (Fig. 6), the pulmonary pulse-pressure 
increased from a relatively greater fall of diastolic pressure. This and 


cardiographic tracings indicate that the fall in mean pressure must bi 


ittributed largely to a decrease in the heart rate, for the output ol each 


separate svstole is usually greater on account of a more complete filling 


of the ventricle permitted by the slower rate, but, under these conditions, 
the mean pressure and hemorrhage were also reduced. 


The mean pressure in the peripheral end of the pulmonary vein was 


decreased in the greatest number of experiments, but in a few it ren ained 
naltered. Hemorrhages decreased with but few exceptions, In which a 
temporary increase preceded the lessened flow These results show that 


the variations of pulmonarv arterial pressure are transmitted through th 


art rioles Into the veins and that the lowe ring ot pre ssure Was not ne utral 


d or overpowered by the slight increase in the left auricular pressure 
occurring in consequence of a weakening of the left heart 
Vatural Respiration and Hemorrhage Experiments.—During natural 
breathing and in the stage of dyspnea from hemorrhage practically the 
same changes as observed in artificial respiration experiments wer 
obtained In the latter case the pulmonary arterial and venous pressures 
decreased. not only from a diminished amplitude and rate of the heart, 
hut also because the respiratory excursions became less vigorous. As seen 
in Figure 7. this acted to lessen the return of blood to the heart and 


decreased the diastolic filling. 


Summary 1. Pituitarv extract elevates the systemic arterial pres- 


sure by virtue of its peripheral constriction and in spite of a weakening 
29 The decrease in amplitude of contraction of the 1 
causes a fall of pressure throughout the pulmonary circuit which neither 


the weak constricting influence o 


the drug on these Vesse Is nor the hac ke 
ing up of blood from the left heart counteracts 


} 6Pituitarv extracts do not directly affect the respiratory center. 


t_ The actions found to be characteristic of pituitary extracts on nor- 


mal inin als were reta ned during severe hemorrhages with the exception 
that it sometimes indirectly lessened the amplitude ol dyspneie respi 


ratory movements. 


——— age 
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IV. CHLOROFORM AND SIMILAR CARDIAC DEPRESSANTS 

Since the depressant action of pituitrin on the heart exerted so favor 

able a pressure-reduction within the pulmonary circuit, it was deeme 
advisable to investigate to what extent a similar action could be obtained 

ll with other cardiac depressants. Of a number of such drugs which wer 

} nvestigated, chloroform serves as a type and is reported in preference t 
others, since it has been more specially advocated in pulmonary hen 
rhage.” 

o irtificial Re spuration Expe riments. From 0.5 to 1 ¢.c. of chloroform 
injected intravenously depressed and slowed the heart and lowered tl) 
systemic arterial pressure. The decreased minute output of right heart 
eaused the systolic and diastolic pulmonary arterial pressures to decreas 
and hemorrhage from those vessels to lessen 

Natural Respiration Experiments.—Given by inhalation to norma 
breathing animals, chloroform, after a momentary gasp, or holding of th 
breath, causes essentially the same changes in the pulmonary circuit as 
in artificial respiration experiments. The respiration is somewhat slow 
and decreased in amplitude, but this seems of little importance in det 
mining its action on the heart and pulse-pressure. Given during hemor 
rhage when the respiration has become dyspneic, it slows and weakens thi 
breathing. This causes a fall of pressure throughout the pulmonai 

. circuit without any pronounced effect on the heart, and hemorrhages fron 
the pulmonary vessels may diminish from this effect alone. If the chloro- 
form inhaler is removed and the respirations again become dyspneic, the 
hemorrhage again increases; but if the inhalations are continued thx 

depression of the heart and the greater lowering of pressure supervene, 
making the checking of hemorrhage permanent 


Summary.—1. In normal animals, large doses of chloroform cause 
a fall of pressure within the pulmonary circuit, due to the depression 
of the heart, aided by the diminished respiration. 

2. During dyspnea in hemorrhage, small! doses act to lessen the res 
ratory movements and so decrease the pulmonary pressure and hen 


rhage, while large doses act as before through their influence on the 


V. NITRITES AND NITROGLYCERIN 


Previous Worl The clinical literature supporting the use of nitrites 


on the basis that they cause a great fall in pulmonary vascular pressure 
is so voluminous that even a partial review would carry us far beyond th 
scope of this paper. It must be confessed that experimental work, on 

whole, offers little support to the assumption so generally made that the 
fall of arterial pressure induced by vasodilator drugs secondarily reduces 


1. Fish: 1909, 1 Hs 
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changes similar to those obtained in artificial respiration experiments, 
viz., a fall in carotid pressure, an increase in the rate of the heart, a ver 
slight augmentation and acceleration of respiration, no change of pressu1 
in the right auricle, or a slight rise in the entire pulmonary circuit. Hen 
orrhages from the pulmonary arteries and veins increased. The entire 
effect was, however, of short duration. 


titv ol hlood so that the resp! 


If an animal had lost a small quar 


x 
1, then the rise of mea 


tions were very slightly accelerated and deepene: 


pulmonary arterial pressure was preceded by a fall. During the fal 
pulmonary systolic pressure rose and the diastolic pressure fell. The 
cardiac output was decreased. During the rise of the mean pulmonary 
arterial pressure, the respiration became deeper and more rapid and the 
cardiac output again increased (Fig. 10). 

If the animal had been bled to the stage of excessive dyspnea the 
administration of nitrites caused a slight fall in carotid pressure, a depres- 
sion of respiration to a shallow type, no change in the heart-rate, a 
decrease in its amplitude and a marked decrease in hemorrhage from th: 
pulmonary vessels, and a fall of pressure here. The carotid pressure, as 
a rule, did not recover and the experiment soon ended with the tota 
cessation of the respiration. 

Interpretation of Results and Their Application to Treatment.—Th« 
pharmacological actions of nitrites may be very simply written. The 
dilate the blood-vessels, and, while large doses weaken the cardiae contra 
tions, small doses have no direct effect. These simple actions call into 
play a variety of physiological mechanisms which determine the drug’s 
effect on the circulation. The changes in the pulmonary circuit, as out 
lined above, are 80 variable and so directly opposed to each other, because, 
during hemorrhage, other and additional mechanisms are brought into 
play while some of those normally present are not set into action 

In normal animals the dilatation of the peripheral vessels causes a 
fall in arterial pressure. The consequent decreased blood-supply to the 
medulla causes a depression of the cardio-inhibitory center, which results 
n heart-rate. Furthermore, the amplitude of contractio1 


in an increase 
increases, probably in direct reaction to the lowered arterial pressuré 


The increase in minute output thus induced aids the return of carotid 
pressure to normal, while, on the part of the right heart, it causes a1 
elevation of both arterial] and venous pulmonary pressures. This simu 
taneous rise of pressures precludes attributing the rise of pulmonar 
arterial pressure to a constriction. The rise within the pulmonary circuit 
occurs in spite of the fact that the pressure in the right auricle remains 
unchanged or sometimes falls, indicating that the luxus supply of blood 


s still sufficient in the early stages t 


normally present in the auricles 
supply the right ventricle with all! the blood it is able to pump out. This 
does not last long, however, and the deficient supply shows itself in a 
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return of the pulmonary arterial pressure to normal (or occasionally to 
slightly below normal) before the heart has resumed its normal rate 
(Fig. 11, 1). Since the respiration in normal animals is little modified 
vy nitrites, these changes occur whether performed with artificial or nat 
ural breathing. 

During henorrhage, on the other hand, the heart is already accele1 
ated, owing to a lowered tonus of the cardio-inhibitory center, and can 
consequently not react by further acceleration. In the second place, the 
heart seems to be more susceptible to the action of nitrites and is often 
depressed, as is the case with strong doses in perfusion experiments. In 


the third place, the luxus supply of blood to the right auricle is less. For 


these reasons the carotid pressure falls, the output of the right heart 


essens, causing a fall of pressure in the pulmonary circuit. Jt is 

tpparent that the effects induced in the pulmonary cu it are ft j ct 
l 

opposite of those takina place in normal an uls (} oy, 11, Il) Since n 


experiments o! two vears ago, above quoted, were partly on normal an 
mals and partly on bleeding ones, the discrepancies find an explanation 
This purely circulatory action as determined in artificial respiratior 
experiments is further modified, however, by changes respiration. If t 


emorrhage has been severe enough to have caused a slight acceleratior 


respiration, then the lowering of arterial pressure by the nitrites wi 


ause a rapid and dyspneic type of breathing The result that tl 
enous supply, instead of continuing decreased, is quickly increased bi 
+} } ] {F 7 } ] _- ] } ] 
le mechanical etfect of the augmented respiration and this increased 
supply may be sufficient to counteract even a tendency toward a less 
omplete systole, for the minute output becomes i1 ised (F 11. TIT) 


Hence the effect on the pulmonary circuit is to cause an increase of pres 
sure and he morr! age following the dec reas 

If the drug is administered during the stage when the respiratior 
ire merely increased in rate and amplitude, it causes a marked and ofter 
dangerous depression of the respiratory movements. The compensato1 
influence exerted to return the blood to the chest is then removed and, 
in consequence, the supply of blood to the heart is reduced. This, 
together with the weakened systole of the heart, causes a fall of pressure 
throughout the pulmonary circuit and ts the on/y time when hemorrhages 
are diminished by nitrites (Fig. 11. IV). 

We may conclude, then, that the administration of nitrites causes 
(1) in normally breathing animals, a general increase in pressure 
throughout the pulmonary cireuit, on account of the increased rate and 
amplitude of the heart; (2) in animals in which the breathing has becom 
slightly accelerated, owing to hemorrhage, also an increase in pressure 
and hemorrhage from the pulmonary arteries and veins; (3) in the stay: 
when they induce a reduction in the amplitude of respiration, a lowering 


of pulmonary vascular pressure and a reduction of hemorrhage 
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5. SUMMARY AND CONCLUSIONS 
The effects of various agents on the respiration, the systemic circu- 
lation and on pulmonary pressure and hemorrhage during normal breath 


ing and during the stage of augmented breathing may be summarized as 


in Table 2, and their application to treatment briefly considered. 


TABLE 2.—EFFrect oF VARIOUS AGENTS ON SYSTEMIC PRESSURE, RESPIRATION, 
PULMONARY ARTERIAL PRESSURE AND HEMORRHAGE, AND PULMONARY 
VENOUS PRESSURE AND HEMORRHAGE 


Drugs Systemic Respira- Pulmonary Pulmonary 
Pressure tion Arterial Venous 
Pressureand Pressure and 
Hemorrhage Hemorrhage 
Digitalis 
Normal + 0 . -)-+ 
Hemorrhage 4 0 j \ 
Strophanthin— 
Normal! , 
Hemorrhage.. | ’ 


Ergotoxin— 


Normal 4 
Hemorrhage 0 = 1h v 
Pituitary 
Normal + 0 
Hemo1 
Chloroform— 
Hemorrhage. . } = 
Normal \ 
Nitrites— 
N\ mat 
~ ' 
Early in the course of hemoptysis, when the breathing has not altered 
except for an occasional cough, one is dealing practically with a normal 


subject, and the object of paramount importance is to promptly reduce 


the bleeding by such drugs as lower the pressure within the pulmonary 


circuit. Investigation shows (1) that this cannot be accomplished by 


vasomotor drugs such as nitroglycerin or nitrites, and (2) that cardia 
depressants, such as chloroform and pituitary extracts, must be resorted 
to. 

If hemorrhage has continued until the heart is very rapid and 
respirations accelerated, deep and forcible, it is an indication (1) that 
the heart and blood-vessels no longer react in a tvpical manner to certain 
drugs, and (2) that the anemia of the cerebral centers is being felt. 
During this stage it is important that the blood-supplv of the brain not 
reduced by the drugs which check hemoptvsis. Hence, the drug that 


combines an ability to elevate systemic arterial pressure and simu!ta 
neously to lower that in the pulmonary circuit is the ideal phvsiologica 
agent to employ during this stage. In the entire gamut of drugs investi 
gated, pituitary extract is the onlv one that possesses this fortunate com- 


bination of actions 


_—-_ 


POSTANESTHETIC GLYCOSURIA 


P. B. HAWK 


URBANA ILI 


INTRODUCTION 


It is long been recognized that reducing mate1 ippeal n the 
urine following the induction of oroform narcosis in man or the ver 
animals. At the time the data from the first experiments made by m« 
were reported! it was not generally known, so far as | am aware, 
any considerable glycosuria could be induced in lower animals by subject 
ing them to ether anesthesia.* 

Among the earlier investigators of the chloroform glycosuria wert 
Hégar and Kaltenbacl Thev observed that the urine following chloro 
form anesthesia possessed reducing power and asserted that this reducing 


power was not due to the produ tion ¢ f Sugar Dut to the presence in the 


power after the mother had been anesthetized his investigator main 


tained that the reduction was not due to sugar, but to chloroform whicl 


had passed from the mother into the fetal circulatio1 Von Mering® 
made a similar observation and in addition noted that the urine was levo 
rotatorv. In 1878 Pavv® observed the reducing power of the urine fron 
twenty subjects of chloroform narcosis and showed the reducing material 
to be glucose Kappeler,? on the contrary, was able to demonstrate t 

reducing propert n the 1 ne I t one S n twenty Goodwin I 
observations on ni cases is said to have 1 dg osurla in on one 
case out of sixty-f whereas under « nesthe sugar was demo! 


*From the Laboratories of Physiological Chemistry of the University of Ili 
nois, and of the Department of Medicine of the University of Pennsylvania 
1. Hawk: Proceedings of the American Physiol gical Society, An Jour 
Physiol., 1904, x, p. 37. 
2. The presence of reducing material in urines following ether anesthesia was 
dependently observed by Professor Gies and Mr. White at the College of Physi 
ns and Surgeons New Yor before the were re of my findings Haw 
und Gies: Am. Jour. Physiol., 1904, xi, 227 
3. Hégar and Kaltenbach: Virchow’s Arch. f. path. Anat., 1870, xlix, 437 
1. Zweifel: Berl. klin. Wehnschr., 1874, xi, 245 
5. Von Mering: Quoted by Zweifel (see note 4) 
6. Pavy: Quoted by Vidal (Thése de Paris, 1897 
7. Kappeler: Anesthetica, Stuttgart, 1880 


8. Goodwin: Therapeutic Gazette 
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strated in the urine of two subjects out of twenty-eight. In every instance 
of glycosuria the reducing power of the urine disappeared after the 
first day. 

Zeller® observed a strong reduction in the urine of a dog after subject 
ng the anima! to chloroform anesthesia, and further verified the finding 
of von Mering as to the presence of a levorotatory substance. He con 
cluded that there existed in the urine an organic chlorin body, formed 
from the conjugate glycuronates of the urine and trichlormethyl alcohol, 
which was produced from the chloroform by oxidation. Kulz?® also noted 
the levorotation of the urine after operations but he attributed it to th 
presence of conjugate glvcuronates which had been formed from the 
ibsorbed phenol. Sabarth™ asserts that there is a true chloroform glyco 
} 


suria and explains it as arising from imperfect respiratory exchange dur 


ng the induction of the anesthesia. Drapier’* manipulated the urin 


properly to remove all reducing substances other than sugar and in this 
way showed the existence of a real chloroform glycosuria. This glvc 

suria was inconstant and according to Drapier was due to hepatic irrita 
tion and aspl elycemia. 

One ot t nteresting series Of expe I nts n ¢ re r? oO 
osuria was made by Kast.? He came to the conclusion that postopera 
ve glycosuria ¢ rs even when no chloroform is used and that tl 
reducing property of t urine following chloroform narcosis is not 
therefore, due entirely to the presence of chloroform. Kast was of th 
pinion that the reduction was due principally to the presence of ar 


bination such as Zeller described. He was, however. 


organic chlorin con 
inable to demonstrate the levorotation observed by Zeller and by vor 
Mering, and mentions the robability that the substance having tl] Is evo 
rotatory power may have been removed b s manipulation of the s 


¢ 


tion in the process of clarification 
Vidal’s** experiments on the influence of chloroform narcosis on the 


reducing power of the urine are very interesting. Out of forty-one clin 


cal cases, the urine of thirty-five showed reduction after anesthesia or 


ncreased reduction in cases in which the urine passed just previous to 


the induction of narcosis possessed reducing power. Three out of four 
experiments on dogs showed a similar result. Vidal repeated some of 


Kast’s experiments and came to the conclusion that the postanestheti« 


f 


reducing power of the urine was not due to free chloroform, since th: 
reducing power persisted even after the urine had had an air current 
%. Zeller: Ztschr. f physiol Chem., 1883-84, viii, 70 
10. Kulz: Centralbl. f. d. med. Wissensch., 1888, xix, 337 
ll. Sabarth: Das Chloroform, Wiirzburg, 1886 
12. Drapier: Influence des anwsthétiques sur la nutrition, 1886 
13. Kast: Berl. klin. Wehnschr., 1888, xxv, 377 
14. Vidal: Thése de Paris, 1897 
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passed through it for six hours. Chloroform added to urine was removed 
entirely in a similar length of time. He further found, on evaporating 
the urine and dissolving the residue in water, that the reducing power of 
the aqueous solution was as strong as that possessed by the original urin« 
Vidal concluded that the reducing substance was not glucose, since he 
was never able to obtain phenylglucosazone crystals, although in control 
experiments he was able to obtain positive results with a 0.1 per cent. 
solution of glucose. The levorotation mentioned by previous authors he 
was unable to demonstrate. He proved bv suitable tests that the reduc 
tion was not due to uric acid and finally was able to show a rough relation 
etween the reducing power of the urine and the amount of organi 
chlorin present 

Seegt nis investigated the sugar content of the blood of the hepat 
vein before and after chloroform anesthesia, and reached the conclusion 
that such narcosis had an inhibitory effect on the formation of sugar in 
the liver. He also tested the urine of four persons after chloroform 
anesthesia’?® and was unable to detect a trace of sugar. Lépine and 
Boulud** state that the lessening of the glycolytic power shown by Seegen 
occurs only when the narcosis is prolonged and that when the inhalation 
f the anesthetic is limited to a few minutes there is a hyperglycemia, as 
has been shown by Garnier and Lambert.'* Noel Paton’® has shown that 
in the living animal as well as in the excised liver, chloroform hastens the 
onversion of glycogen into dextrose. He found ether to possess a similar 
although less marked action. In later experiments Paton*® showed that 
chloroform did not have so great an accelerating action on amylolysis in 
the liver after treating the organ with alcohol as it possessed immediately 
after death. Patein** was unable to demonstrate any reducing power in 
the urine from several clinical cases following chloroform narcosis. 

Previous to the preliminary report of my investigation, already men- 
tioned, I could find no record of any series of experiments on the reduc- 
ing power of the urine of dogs after ether narcosis. Subsequently, how- 
ever, Set lig =n ad a series of observations on clinical cases and on dogs 
and rabbits. He found that glycosuria occurred in every instance in his 
observations on lower animals, but was unable to demonstrate such a 
condition in connection with his clinical cases even after long-continued 


ether narcosis. He found the glycosuria to be very pronounced, analysis 





15. Seegen: Centralbl. f. d. med. Wissensch., 1887, xxv, 577 

16. Seegen: Wien. med. Wehnschr., 1888 xxxviii, 953. 

17. Lépine and Boulud: Arch. int. de pharmacol., 1905, xv, 359. 

18. Garnier and Lambert: Quoted by Lépine and Boulud (see note 17) 
19. Paton: Phil. Tr. Roy. Soc., London, 1894, Part I, 233. 

20. Paton: Jour. Physiol., 1899, xxiv, 36. 

21. Patein: Thése pour le doctorat en Médécine, Paris, 1888 

22. Seelig: Arch. f. exper. Path. u. Pharmak., 1905, lii, 481 
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of tl rine ting as much as 10 per cent. sugar in son ses 

Seelig asserts t glycosuria is less pronounced in dogs afte ng 

continue al ite feeding than in su nimals maintained on a 

meat diet. In an arti recently published 7 ett*® makes t state- 

ment t S = the st to show that et s listinet 

t : suria in meat-fed dogs.” Inasmuch as my preliminary . 
re t s made in 1904 whereas Seelig’s article was published in 1905 

t is apy] nt that ‘Tuckett’s statement is incorrect Seel refers 

to the experiments of Reynoso.** who, in the examination of urine 

from eclir i] spc ms te ive fi , sug n ever nstance ifter 4 
finr var S e i) ( ses ng , norte () + =] y ry? Y y 

twe e sh S yntaneous glvcosur the 9 st s ir content as det " 


tendency tow osuria after et necreased with the ag the sub- 
ject, alt g s data do not substantiate this th Roéhricht made 
other experin sin which operations were performed ul cal anes 
thes and was ul to demonstrat I tra of g S i Out of 
six experiments on the influence of ether anesthes y mnal } 
era osuria. Carls 1 Ryan ive reported 





n id n con! [ n wit al nvestigation ! ng tS purpose the st 
of the extros ntent of the saliva The fir ng f red ( r matt n 
mal rine ¢ the ingestion of s report G g27 js 
} , 
Ie f ntereet r nnection with t]} present glycosuria st S 
Is SION O I EXPERIMENTS ON WELL-NO Is ) ANIM S 
| ( Ne! nfs T é ns lar it na + , ] 2 < 
Q ary ; toete ws y re whl y nit ’ 
\ re < = é ? ice T tT foct ng ) = | y S vere 
tted t nat y , ire wat eing ; y y » ¢ + 
t t es ot ft ¢ Y fy y nided 
£4 neath lo this en mmediately af ; : vas ¥ od 
r ne was remove ind a R S stitnt vl + 
y S aT ra + ; y y 
23. Tuckett: J Physi 1910, xli, 88 
4 Rev rer S 85 ‘ ROE 
4 R ; } f ( rurgi 1O05 XX 0 
"th ( y | \n | 1 P ve ss 
4. Ce \\ n |} y \\ ne ? O00. x 7 ) 
Ss Haw ] R ( P 1O08 v » T VI 2 








qualitative test for sugar*® was made. The urine fraction was then trans 


ferred to a small bottle, properly labeled, some powdered thymo! added 


and the sample retained for quantitative examinatior In every instan 


the urine of the animal was shown to be sugar-free before the adminis 
tration of the anesthetic. Squibb’s ether was emploved The anesthesia 
periods ranged in length from one-half hour to six and three-quarter 
hours. 

The data 1ron the experiments w e | I ta I I Dies ] 
to 6. In the first series of experiments, Dog. 1, a bitch weighing slightl\ 
over 6 kg., was emploved. She served as a subject in three experiments, 


peng under the nfluence of the anesthetic five times, the periods varving 


in length from one hour to three hours. The first test was one hour in 


duration, which was followed about nine hours later by the voiding of 
100 c.c. of urine containing 3.26 per cent. of dextrose. The urine col 


lected for twentv-two hours from this time contained a trace of red ne 


matter but subsequent fractions gave negative tests. The second exnet 


ment on this animal was one in which anesthesia was induced for a period 


of two hours This test was followed in about six and one-ha f hours by 


the voiding of a fraction of urine having a volume of 74 ¢.c. and contain- 
ng 5.21 per cent. of dextross It will be observed that the first urinatior 
after the induction of anesthesia occurred about two and one-half hours 
sooner when the period of narcosis was two hours ength than when the 
period was but a single hour in duration. ‘ volume of urine voided 
was on!v about 75 per cent. as great, however, while its sugar content was 
much higher, i. e., 5.21 per cent. as against 3.26 per cent. The tota 
amount of sugar excreted as a result of on ur’s narcosis was 3.26 
whereas 3.91 om. were excreted as a result of t two-hour period 
T third test on this animal was a « posite experiment in wl 
the dog was subjected to ether anesthesia ( three consecutive 
davs, the periods being one, t and ree I ength respectively 
Phe rst traction \ led after the first nesthesia } 1 (one hour) of 
the series was ne of 59 ( whi a ired a : @ irs aiter the 
idministration of the anestheti id ceased his urine specimen con 
tained 3.17 per cent. of sugat The two r perio nesthesia was 
followed in about four and one-half hours t voiding of a fraction of 
rine 52 « in volume and possessing a sugar content of 1.32 } cent 
29. Throughout the experiments Fehling’s qualitative ar quantitative tests 


were used and any reducing action was ascribed to dextrose. However, there were 


instances when it seemed apparent that there was present reducing matter other 


than dextrose In every case of extensive reduction, however, I was able to 
form the dextrosazone In some instances the conjugate glycuronate ntent 
was considerably increased There seemed to be no uniformity in the naturs 

the reducing factor under all circumstances This question will be studied 


further 
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Finally the three hours’ narcosis gave rise in less than two hours to a 
urine flow aggregating 91 c.c. which contained 3.96 per cent. of dextrose. 
From an examination of the data from the five periods of anesthesia : 


to which Dog 1 was subjected it will be noted that there is a somewhat 


definite relationship between the length of the anesthesia period and the 


TABLE 1.—POSTANESTHETIC GLYCOSURIA IN Doe 1. 


EXPERIMENT 1 ETHER ANESTHESIA INDUCED FoR ONE Hour 





Urine Fraction —_———- Sugar 
No Voided————————-_ Volume Specific Content 
- 4 
Hou Length of cc Gravity % 
Time After 
End of 
Narcosis 
Hrs. Min 
l 7:00 Dp. n bt 53 100 1020 3.26 
» Between 7 p. u S 53 
ind Sa.n to 
21 ) ISS 1020 Trace 
EXPERIMENT 2 ETHER ANESTHESIA INDUCED For Two Hours 
] 6:30 1 n t 29 74 1030 §.21 
7 Betw 1 6:30 6 zal) 
Ss i I 
19 59 134 1O17 0.04 
} on 2 24 78 1016 Faint Trace 
EXPERIMENT 3 ETHER ANESTHESIA INDUCED FoR PeERIOpS or ONE, Two AND 
Puree Hours on THREE CONSECUTIVE Days 
ETHER ANESTHESIA INDUCED FoR One Hour 
] 1:30 p. mn > 58 39 1042 3.17 
2 between 6 p. m 7 28 
1 7:30 n 
8 58 84 1010 Trace ; 


ETuNER ANESTHESIA INDUCED FoR Two Hours 


$:30 p. m } 26 52 1026 1.32 


19 56 180 1023 Trace 


ETHER ANESTHESIA INDUCED FoR THREE Hours 


| 2:00 p. m l 55 91 1028 3.96 
4 4:45 p. m 4 ty 66 1016 0.43 
3 Between 4:45 p. m H 41) 


5 22 to 


2ist & 5 p. m 
28 55 221 1022 Faint Trace 


percentage of dextrose present in the first fraction of urine subsequentl\ 
voided. For example, in Experiment 1, in which narcosis was induced 
for one hour, the sugar content of the urine fraction was 3.26 per cent 
whereas the value was 5.21 per cent. for the urine first voided after the 


two-hour period. Again in the composite test (No. 3) the concentration 


et, A IT 


of the urinary dextrose was 3.17 per cent. after one hour’s anesthesia and 





: 
| 








«2 


the higher value of 3.96 per cent. after the three-hour period The 


. H 


iWaA 


tion is not absolutely uniform, inasmuch 


] 


as the dextrose concentratior 


following the two-hour period of narcosis was only 1.52 per cent. The 


sugar data from the last two stages of the composite test, however, cannot 


logically be compared with individual experiments, inasmuch as thi 


organism was not permitted to recover 


from the first anesthesia befor: 


being subjected to its influence a second and third time. Nevertheless, 


the data will permit the assertion that there was in general a 
period and the concentration « 


between the length of the anest 
the urinary dextrose. The longe 
the percentage of sugar in the uri 


Taking into consideration the 


Dog 1, an interesting point is ol 
intervening between the time the 


hesia 
r the 
ne. 


live 


server 


I 


period of narcosis 


1 in 


regard to the length of tim 


anesthetic was discontinued and the 


appearance of the first urine fraction. 


between the length of anesthesia 


I 


TABLE 2.—POSTANESTHETKI 


EXPERIMENT 4.—ETHER ANEST 


No. —___Voided 
Hour 

l +:30 p. uu 

2 Between 4:30 p. m 


and 8 a. m 


3 5:00 p. m 


has just been discussed. There is no such re! 
in this connection, however. For example, when the data from the two 


one-hour anesthesia periods are compared, it is seen, in Experiment 1, 


that the first urine was voided a 


administration of the anesthetic, whereas this period was only six hours, 


HESIA 


_ —_——— Urine Fraction 


Length of 
lime After 


En 


Narcosis 


lirs 


‘ 
‘ 


to 


tow 


bout 


when the ether was given a second ti 


Further, by making a similar comparison 
anesthesia, the “latent period” is seen to be 
first instance and four and one-half hours 


GLYCOSURIA IN Doa 


l 


relation 


rather definite relationship 


and the percentage of urinary dextros 


9° 


INDUCED FoR HALF AN Hower 


1 of 
Min 
$5 
5 


nine 


me 


will be observed that the first fraction of 


Sugar 
Volume Specific Content 
Ce Gravity % 
0) s 2.14 
s14 OLS lrace 
16 1026 lrace 
itionship as that to be noted 


] 


hours after the close of the 


for a period of equal length 
for the two-hour periods of 


six and one-half hours in the 


in the second Finally. 


hour period of anesthesia followed very quickly, there being a late 


period of less than two hours. 


From the above discussion it i 


intervening between the end of the ad 
the voiding of the first fraction of urine was entire 


leneth of the anesthesia period. 


Ss apparent 


] 


In the 


ministration of the anesthetic and 


t 


urine voided after the three- 


that the length of the period 


y independent of t 


‘ries of tests on this animal the 
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cent. of sugar possessed a similar specific gravity. The lack ot 
ship is further accentuated when it is noted that the urine fraction voide 
immediately after the one with this high sugar concentration (6.94 per 
cent.) possessed a higher specific gravity (1.034) although containing 
but a trace (1. e., 0.07 per cent.) of sugar.] In the case of this exper 
ment (6) the reducing matter in the urine persisted for a period of about 
twenty-one hours as against twenty-eight hours in Experiment 5. Th« 
great bulk of the sugar, however, was excreted in the second fraction of 
TABLE 5.—POSTANESTHETIC GLYCOSURIA IN A FAstiInG Dot No 4 
EXPERIMENT 10.—ANIMAL ALLOWED WATER 
—— Urine Fraction —————————_ Sugar : 
- No -Voided —_—_———_—__— Volume Specific Content | 
- Hour Length of e.e Gravity % 
Os lime After 
S End of 
a Narcosis 
a Hrs. Min 
ETHER ANESTHESIA INDUCED FoR ONE Howur (9:30-10:30 A. M : 
Is 7:50 p. m. 9 20 33 1041 0.52 
2 Between 10:00 p. m 1] 20 
and 8:00 a. m to 
2] 20 a4 1038 Trace 
ETHER ANESTHESIA INDUCED For Two Howrs (8:20-10:20 A. M 
22 l 6:45 p. m 8 25 19 1046 lrace 
9 setween 10:30 p. m 12 10 
and 8:00 a. m to 
2] 40) 17 1043 Non: 
ETHER ANESTHESIA INDUCED FoR Two Hours (8:30-10:30 A. M 
27 ] 9:45 p. m 15 14 1055 None 
2 Between 9:45 p. m 15 
ind 8:00 a. m to . 
21 30 9 10490 Nor 
urine, which was voided about an hour and a half after the anesthet ad : 
ceased to be administered. This fraction was only 14 c¢.c. in volume and 
contained 5.21 per cent. of dextrose. An interesting fact ma observed 
in connection with the sugar data from Experiments 2 and 6. In these 
tests two dogs were s ibjected to ether anesthesia for periods of two rs 
each and the first urine subsequently passed contained in ea nstan 
‘ » 2 , . . : 
5.21 per cent. of dextrose. (In this connection no consideration is ¢ 
to the 6 c.c. fraction in Experiment 6.) This ma more or less of ar 
accidental! finding, inasmuch as the body we ights of the dogs w {Fi 
ent as were also the volumes of the urine fractions and the total tput 
of sugar. Nevertheless, the uniformity in percentage of sugar is w 


of consideration. 
The third experiment on Dog 3 was Experiment 7 in which the t 


of anesthesia was four and one-half hours. Here for the first time durin 








. 
5] 
: 
: 











r B HAWK 
the investigation urine was voided spontaneously during narcosis. TT] 
volume of this fraction was 18 ¢.c. and it was sugar-fre The secon 
fraction of urine was voided forty-seven minutes afte1 ther was dis 
continued. This fraction possessed a volume of 106 ec. nd containes 
3.66 per cent. of dextrose. This experiment differed fron | others in 
the number of urine fractions which were voided during th I ( 
raABLeE 6 POSTANESTHETIC GLYCOSURIA IN A Fastine Dow No. 8 
EXPERIMENT 1]1.—ANIMAL ALLOWED WATER 
Urine Fraction Sugar 
No Voided Volume Specific Content 
s Hour Length of Ct Gravity 
= lime After 
S End of 
> Narcosis 
la Hrs. Min 
ETHER ANESTHESIA INDUCED FoR ONE Hour (8:20-9:20 A. M 
~ l 5-30 p. m 10 13 1044 (1.43 
2 Between 10:00 p. m. 12 40 
and 8:00 a. m to 
92 10) 25 1037 Prace 
ETHER ANESTHESIA INDUCED FoR ONE Hour (8:10-9:10 A. M 
9 l 6:40 p m 9 30 10 1052 0.25 
2 Between 10:30 p. m 13 20 
and 8:15 a. m. to 
23 5 19 1041 None 
ETHER ANESTHESIA INDUCED ror Two Hours (8:10-10:10 A. M 
14 l 8:20 p. m 10 10 9 1057 lrace 
2 Between 10:00 p. m 1] 50 
and 7:40 a. m to 
? 1 0 16 1050 None 
ETHER ANESTHESIA INDUCED FoR ONE Hour (8:30-9:30 A. M 
26 ] Between 11:20 p. m. 13 50 
and 8:05 a. m to 
22 S35) 5 1062 None 
ETHER ANESTHESIA INDUCED FoR SIX AND THREE-FourTHS Hours (9:20 
4. M. Tro 4:05 P. M 
27 ] Removed from blad 
der after death 3 1068 None 
glycosuria. There were eight such fractions as against two, three or four 
fractions in the other experiments. The glycosuria persisted for about 
twenty-three hours in this « xperiment. 

Experiment 8 was the final one of the series on Dog 3. The anima 
had already been subjected to ether anesthesia for periods of one, two and 
four and one-half hours. It was now determined to submit the beast 
again to a final one-hour period in order to determine whether the dog 
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t | sugar nm the tormer ¢ periment vas O.5o2 per cent as 
. 1 per cent nt test nder consideration On the following 
n+] 2 Baal ‘ ] te + 
ith o sting e animal was again subjected to e adminis- 
tration the t thet for a lof one he | s too was ower 
DV a very si t glycosuria, whi was represented hb 1 urina sugal 
6 concentration « )] 0.25 per cent The third anesthesia eriod was 
tested on the fourteenth tasting dav and was productly oT mie trace 
f } ; ; T | f 
of reducing matter! n the urine I} S period Was Tolliowse nt | ney 
sixt} dav of fast b 1 on Ir pe! d of narcosis Her I ~ cond 
time n thy fasting st es it was _ ssible to der ynstra 7 S ey 

4 } 
quent givyeosuria. 

By referring to the proper tables -_ = | e observed T eS j r 
to demonstrate giveosuria in the first instance fo wed two-hour period 
oft anesthesia on the twent cevent dav of the fast whereas ft ey nad 
f } } netrat , tay thet ly , red ter 
1liure To den e The Ost Stive ¢ oO os 1 Oo ( } ( 10 
} r nare 278 7 riod ne ed l the twenft Sixt ( Thre af | S 
nnifarmit 9S ’ et { ry ns void of 1 SloT ne | 
final test on Dog 8 was an anesthesia pr s nd three-qua 
honrs. this hein the maximum perio en oved in tl] CO e of thes 

‘ studies 7 rganism having failed to react to the lu ence { the pre 
vious anesthesia p ( yt one hou t was determi! i tf en ( t s 
{ ‘ ) n or to determine 1 ( nit the Ss t 
d } 
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. . ‘ nd ) inesthe a ’ thy ne (3 ec. ) ] sant 
IrIne was 1.068, t ~ owing a tye densit t nm Was possess " 
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: erest in connectio1 th our findings ase of fasting dogs. 


T sery found when dogs were fasted to “extreme emaciation.” 


t T [ I I Lhe eogen st e, ct I ralyeemia followed 


the application of piperidin, a drug which induced this condition in well 
t 4 } 
i » 7 ! ntain that the non-apne ( c SUlta ’ : 
t =f ether to dogs in the advanced stages of fasting 
ates that ft ers such animals we PY e at the tin 
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results from the transformation of a portion ¢ f e glycog 


the reserve In the fasting organism this excess glycogen 1s 


reduced in amount and finally completely exhausted thro t ilt 
metabolism of fasting. This, ] take it. is the explanation tor the s nt 
glycosuria observed during the early days of the fast, a ¢ osu | 
% gradually decreases in intensity as the fast progresses and fina S 
to appear when the fast is sufficiently prolonged 
Dvspnea may also have been a contributing factor tion 
of the glycosuria 
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POSTANESTHETIC GLYCOSURIA OF SURGICAL PATIENTS 


JOHN M. SWAN, M.D ’ 


WATKINS, N. Y 
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MALIGNANT TUMORS OF THE ADRENAL* 
BENJAMIN F. DAVIS *4 
CHICAGO 
Malignant tur rs, primary in the adrena lands, are of interest 
hologist alike. To the surgeon the chief 


interest centers in the problems of clinical diagnosis and treatment: for 


tne ithologist ft mparative rarit su growths, certain teatures 
of their ciinical symptoms, and the possible relation ot such tumors to 
ma rant PTT romas ot the side con ne to make T s Tie d one 


Williams? t of a series of 8.378 consecutive cases of malignant 


Hodge,‘ elever 6,200 autopsies; Gwilt,> none in 13,971 autopsies 
while Briichar \ Prague found in the t sv records of t Pa )- 
logi il Instit r ft ¢ s 1884 to 1899 Sive but t rt ¢ 
| rv a S, eight of w " ! onal 

Che : ed . tumors w ire of especial interest 
to pat sts those w Set to give some it ition of the fur 
tion the gial : ind asso ted I 1 vith t I 
of the tur rit ‘ i } cigant } re ‘ sd 


(it ‘ l = l ‘ ‘ I Oo T } 
exXm t ! I ~ eas ~ I ( ‘ 
be fort I t ts el t s has 1 ‘ 
\ ‘ nalivses ~ t < 
epinetl I ‘ ! to 1 
knovy ‘ ~ ~ ¢ t s. Da S S 2aty Wir er’s 
r " < , ned , 7 ) y ] 
he ’ , 3 ‘ Ext S rol t stases t Gg it 
From t P il I ratories of [ \ \ ( ig 
1. Willian La Lor n, 1897, i, 126] 
2? Matte Quot Lasagna. \ ws Ar t Anat 1910 282? 
$. Lasagna: Zur Kenntnis bisartiger Neben $ - Vir *sArch. 
f. path Anat 1910 sv 
teu ‘ ) Lasagna Note 3 
>. Gw Quot Lasagna (Note 3 
6. Br hanow Ztsehr. f. Heilk 1899, xx 3 . 
7. Winkler Tahresb. d. Schles. Gesells f. Vaterliind. Cult., 1908, Ixxxvi, 


189. Med. Section 
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omentum vielded positive color, frog’s-eye and blood-pressure tests for 
epinephrin. Brot » of the skin. as in Addison’s disease, is rare, thoug! 
in about one-third of the cases, according to Ramsey,* a certain darkening 


Regarding t relation of prima tumors of the adrenal to hype 
hephnromas, the most diverse opinions are expressed. Stoerk” maintains 
that hvpernephromas and adrenal tumors are fundamentally different, 
and that hvpernephromas of the kidneys or other organs bear no relation 
to adrenal tissue, discrediting e1 the Grawitz t eir origit 
Stoerk’s argument 1s as follows 

The so-eal hvpernephromas are a fur menta of t t 
the production of spaces and intracystie formations, such as ct ild only arise from 
a tubular matrix in this instance, the kidney fumors arising from solid 
ergans such as the adrenals should in turn be solid Therefore it is clear why 
true adrenal tumors, which are much more rare than “hypernephromas of the 
kidney,” differ distinctly from the latter In both types of tumor there is a 
certain arrangement of the cells into columns and groups This same structure 
is to be found, however. in tumors of undoubted renal origi Adrenal cells and 
hypernephroma cells differ entirely from each other the latte resemble very 
closely certain cells which are found in the large white kidney and in the 
secondarily contracted kidneys 

Exception was immediately ta nto Stoerk s argument t heine main- 

I 9 
] ? 


was incorrect since such structures had been described by’ Askanazy,'® 


Marchand." and others. Gatti?? denies any essential difference in the 


appearance of hypernephroma cells and adrenal cells and champions the 
view of the adrenal origin of hypernephromas. This is the conclusion 
apparently arrived at by Garceau when he intimates that hvper- 


nephromas and malignant tumors of the adrenal are practically identical 
Accordingly, to Garceau the chief characteristics of a mal onant growth 


of the adrenal are the ollowing: 


‘The tumor is either single or multiple; when multiple the growth is com 
posed of variously sized nodules, each surrounded by a capsule, which limits it 


av reach 


from the surrounding adrenal tissue The large tumors 1 





even that of one or two fists or much larger Metastasis is mainly 


circulatory system: the organs chiefly attacked 





are the lungs, liver, and 
It is to be remarked that the organs attacked secondarily are those chiefly 
attacked by hypernephroma of the kidney The metastases resemble the parent 
tumor and bear a striking resemblance to a hypernephroma of the kidney. These 


peculiarities are strong proof that the Grawitz tumor in the renal parenchyma 


+ 


is derived from adrenal ‘rests’ in the kidney 


8. Ramsey: Bull. Johns Hopkins Hosp., 1899, x, 20 

9. Stoerk: Beitr. z. path. Anat. u. z. allg. Path Zeigler’s 1908, xliii, 393 
10. Askanazy: Berl. klin. Wehnschr., 1908, xlv, 1603 

ll. Marchant: Quoted by Zehbe, Virchow’s Arch. f. path. Anat., 1910, eci, 1o0 
12. Gatti: Virchow’s Arch. f. path. Anat., 1896, exliv, 467 


13. Garceau: Tumors of the Kidney, 1909, p. 278 
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ses and. as Greer and Wells’® suggest, it 1s not certain that ! 
] . ticere 7 " ive ’ S ry V 
" 1 the + t It . ; ; not ; , r x4 , LV 
» demonstrate nep ! y. . ‘ ‘ 
issigned being that W e e] : ‘ ‘ 
- it Fiand, t ( roma i = I I 
Recently Z 20 has presented strong | eV ns t 
Store *s \ H na een a e to tT dey t t 
pern nro i cells 1 rn ce.us 1 l I uit ! 
tissue cells, and n endot il cells. He neh 
parative study of a long series normal ¢ I nd ; t adi 
nephritic kidne\ nd tumors of the adrena ! Ineys as f 
\ complet mmary of all the ts br { t+ in 4 j 
that the epithelial tumors in t ( re all of on n: that 
renal epitheliun The line proots for t z etatement n 
ered as being of both a negative and a positive charact On the 1 
side we have the observation that the alleged characteristics of “1 
nephromas” are to be fou 1 in the kidneys and in lesiox evelopil 
and from them, as w as in the lrenal and its tun 7 ( n 
ells whose proto m has a foamy structure due to t infiltratior 
it. giant-cells and a definite supporting capillary netw 
On the posit side we find peculiarities in the structure of |! 
nenhromas which find their explanation and analogy not in the lrena 
but exe usively In the k dn In this catego! belon the cerval S 
that the kidnevs mav give rise to tumors of a solid or of a tubular str 
ture, while in the adrenals o1 the former type oc¢ mi r in 
’ these tumors fat-free cells occur such as are never found in the adrer 
but are common Iso hyd ce, so-called “glass : 
| ire found n the ver in th id enal. the ¢ : of wl 
of a “foamy” structure with well-stained protoplasn In addition \ 
have the citation of two tvpical hypernephromas devel ng in the 7 
of the kidney. and of the fact of the relationship between cont t 
kidnevs. regenerative processes and tumor formation in the parenc! 
f such kidneys. Zehbe does not deny that adrenal rests m: : 


1 . 1 : : 
net romas al ing in the region of the sex rrans. the ( t 
} ] 

reas. ¢ anv ) where ,hearrant dre tig 

heing 1 og - adrenal origin. since he has demonstrated that 
1 > } 
oid” cells mav arise from connective tissue or endotheliun 0 
190 Greer na VW Ile 'T " ARCHIVI INT Virn 190 rT 


20. Zehbe: Virchow’s Arch. f. path. Anat., 1910, eci, 150 
21. New user Quoted by Zehbe Note ?0 
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such a | : he considers that the tumors in joints diagnosed as endo- 
theliomas riessen,?* Hildebrand,** and Paoli,** but as metastatic 
hvpnernephromas b supporters of the Grawitz theory, were probably of 
the former tvpe, in which the cells had developed “hvpernephroid” char- 
teristics I e he reminds us that the lutein cells of the ovary and 
the rs ells the testicles are of s pernephroid structur 
i ; + ft g ( 3 } oly se to tumors 
‘ el mselves and adrenal t ors, according to Zehbe, a1 
— ‘ ture. never tubular: the smaller tumors present a 
dist é t G narked resemblar { virenal tiss W e in 
a » tor to denart f1 the iret tvpe: the sharp outlines 
of ind il cells becomes less distinct; the « sion of the cell mass into 
slender « ns re or less lost, and may be entire absent in} - 
nant t rs t and doubly refractive substances occur in large thougl 
nceonstant ar nts It is their presence h accounts for the “toan 
ol onevcon structure of the cell protoplasm. The cells are most! 
round or polygo1 n shape, seldom elongated. Giant cells are found in 
malignant tumors. Hydropic (glassy) cells do not occur 
’ | I thus far advanced on bot des of this question has its 
strong points, and one cannot but feel that a positive decision based on 
the one or the othe! ne of argument would be unwarranted. There is, 


however, another point of view from which the problem may be attacked. 
\dami.* on an embrvologica! basis, considers that tvpical hy 1romas 
may arise from either renal or adrenal tissue His state. is as 
follows: 

We are of the opinion that this latter view must be accepted, that whereas 
aberrant adrenal tissue is, from its heterotropic nature, more prone to become 


b 
tumors of this type are hypernephromas, others are “nephromas.” We certainly 


istomatous, and whereas, it may well be that a large number of the kidney 


encounter typical tubular or evstiec adenomas of renal origin, and know now 


that what we once regarded as the conclusive demonstration of adrenal nature, 
namely, the presence of glycogen (Lubarsch), is of little diagnostic value. A very 
large number of embryonic tissues, as again of freely growing tumors, contain 


giveogen in their cells When a tumor of the kidney shows a special liability to 


form tubules rather than solid cell masses . one would suspect a renal rather than 
in adrenal origin Not to enter exhaustively into the subject, we would say 
that the two organs are embryogenetically so closely related that tumors arising 
from homologous tissues must possess closely related characters When, as is 


most frequent, but by no means constant, one of these growths arises from the 
upper pole of the kidney, there the probabilities are that it is of adrenal origin. 
If a convenient term is required for all this order of tumors, the transitional 


Driessen: Beitr. z. path. Anat. u. z. allg. Path Ziegler’s 1893, xii, 65 
| 

23. Hildebrand: Arch. f. klin. Chir., 1894, xlvii, 225 

24. De Paoli: Beitr. z. path. Anat. u. z. allg. Path. (Ziegler’s), 1890, viii, 140 


Adami: General Pathology, 1908, pp. 795 and 650 
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adenocarcinomas of adrenal, kidney, ovary and testis, we have, from embryogenetic 
consideration, suggested the term, mesothelioma. 
Brietly, a mesothelioma is: l \ tumor arising from such tissues or por- 


tions of organs as, being of mesothelial origin, possess in the adult state lepidic 
characters. (2) When typical and growing slowly, it is of pure adenomatous type 
3) When atypical or more anaplastic, and growing rapidly, it reverts first to 
an alveolar sarcomatous type, and later to a structure, or want of structure, 
which renders it indistinguishable from a round or a short spindle-celled sarcoma 
(4) The tumor, when it takes on this undifferentiated type, affords metastases 
of a sarcomatous order. The primary growth in general, if studied, exhibits 


indications of the successive stages through which it has passed, from the adeno 


natous to the sarcomatous form of growth Pp. 40 

And what appears to be an adequate reason for this difference in properties 
suggests itself. As we have emphasized more than once, properties which are of 
oldest acquirement are those which are last to be lost; those of later acquirement 


are yielded up with greater ease. The primary lepidic tumors are derived in 
direct descent from cells which, from being lepidic (in hypoblast or epiblast), 
have become hylic, and only at a later embryonic period have taken on lepidic 


characters. Such cells in new growths revert more easily to the hylic, sarcomat 
ous type, than do the cells of primary lepidie tun s (p. 650). 


And now the question arises, does this very interesting hypothesis 
exac tly fit the facts in the case? Does it explain the contention of Stoerk, 


confirmed by Zehbe, that whereas primary malignant tumors of the 


adrenal are essentially “solid” in structure, hypernephromas abound in 
tubulocystic areas? Does it explain the rarity of hypernephromas of 
the kidney on the one hand and, on the other, the relative abundance of 
primary malignant tumors of the adrenal in children? Does it explain 
the presence of hydropic or “glassy” cells in hypernephromas and their 
absence in adrenal tumors? Does it account for the absence of symptoms 
referable to the adrenal in hypernephromas of children and the presenc 
of such symptoms in children with malignant adrenal tumors? May not 
the histogenesis of the kidney and adrenal warrant a somewhat different 
interpretation? As the answer to this last query must form the basis 
for our discussion, let us consider it first. 

It is generally admitted that the origin of the medullary portion of 
the adrenal glands is in the sympathetic nervous system. As to the origin 


of the cortical portion of the gland, opinion is divided, though recent 


work** on the subject indicates that it arises from the cel epithelium. 
The process of differentiation in the chick as deser d Lillie?? is as 
follows: 


According to Soulié the cortical cords arise as proliferations of a specia 
suprarenal zone of the peritoneum adjacent to the anterior and dorsal part of the 
germinal epithelium. This zone is distinguishable early on the fourth day, and 
begins about half a millimeter behind the glomeruli of the pronephron, extending 
about a millimeter in a caudal direction. Proliferations of the peritoneal epithe 
lium are found in this zone, and soon becomes detached as groups of epithelial 
26. Poll: In Hertwig’s Handbuch der vergleichenden und experimentellen Ent 
wickelungslehre der Wirbeltiere, 1906, iii, part 1, p. 443. 

27. Lillie: Development of the Chick, 1908, p. 404 
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cells lying in the mesenchyme between the anterior end of the Wolffian body i 
the aorta. Such pr f tion continues up to about the one-hundredth hour « " 
little later, and a second stage in the development of the cortical cords begins; 
the cords grow 1 and fill the space n the mediodorsal aspect of the 
Wolffian body, and then come secondarily into relation with the re orpuscles 
of the latter and th st 
According to Set ind Hoffmann the relation thus established is a primary ~ 
: 
one; that 1s to s t cortical cords arise from t same outgrowths of the : 
capsules of the ret rpuscles that furnish the sexual cords. Rabl agrees ess 
: 
tially with Souli nd it seems probable that Semon and Hoffmann have ove : 
looked the first s t] origin of the cortical s of su irenal ¢ 
aules The orga bec vascular nd the s have the fort f , 
isol a ¢ t l 
mesenchyme. 
ireter, pelvis and t no t es owt rom the 
Wolffian du eo Bow?! , ne ‘ ting t ules a 
formed in and the solid mesenchy1 
From the a e descriptions it is to be seen t adrenal ¢ 
and the } ne t ot ol me sodern ll origi! il m sé nda 


sharp distinction can justly be drawn between the mesothelium and the 

mesenchyme, since the mesothelium is mers S art of the mese1 

chyme as bounds th dy cavities. It would seem, however, that the q 
fact that the one gives rise to the lining of the peritoneal « tv and t : 
adrenal cortex, f instance, while from the other such structures as the 
idnevys and the connective tissue of the ( t I are oduced I 

itself is sufficient evidence of a difference and a distinction. It is her . 


that Adami’s generalization fails to satisfy all the conditions, for while 


tumors of adrenal origin, depending on their degree of malignity, w | 
present all varieties of structure from the normal down through alve 
carcinomas or sarcomas, to typical endotheliomas, or even round-cell sar 
coma, tumors « origin would graduat m t simple tubular 
ir possibly pay type, through the various grades of the adenosare« 


with variously distorted tubular structures, to the re sarcoma I} 


ivrees We \ tiv ‘ el mo 
idrenal origi! S n contrast to the ( ! oI n and, wit 
the knowledge t epit] il cells a t erne} 
oid « 1 te st n » Tul S ler +} r 
pendence of renals and malignant f S, al the na 
origin of the 
Accepting tl ew that hvpernephromas malignant tumors 
adrenal origin are different entities, we are rid the necessity, in so { 
as the present discussion is concerned, of attempting to explain the rarit + 


of hypernephromas, and the relative abundance of malignant tumors « 
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the adrenal! in ilidren, while we find a ready explanation for the lack of 
sper symptoms in the former, and their presence in the latter cases.** 

Before one can finally agree with Stoe1 howeve the observations ol 
steinke regarding hypernephromas in t adrenal glands « horses and 
cattle must be ex ned. With this exception th ence seems to point 
strongly toward the renal origi pernephromas 

In this connection the report of an instance of a primarv malignant 
tumor of the adrenal may be of interest 


entered Cook County Hospital Oct. 6, 1909 





History 4. F., a Syrian, aged 
with a clinical diagnosis of tuberculosis of knee and hip-joint, and miliary tuber 


culosis. Five years ago the patient was kicked by a mule on the right hip. For 
two months before admission to the hospital he had pain about the back and 
right hip. The pain gradualy grew worse and for twenty days previous to admis 


sion to the hospital the patient had not been able to worl 


Examination.—At the time of admission the spleen was enlarged and palpable 
and a tumor could be palpated just below the tenth rib A mass of enlarged 
lymph-glands was visible in the left supraclavicular region There was general 
adenopathy. The right leg was much swollen and the tissues over the head of 
the femur were swollen and tender; the left leg was normal There was no 
tenderness along spine. Temperature and respirations were normal on admission; 
pulse high; leukocyte count, 10,000. The temperature remained normal for the 
most part; pulse always a little high After a time there was some urinary 


retention. The patient died Nov. 23, 1909, and the post-mortem examination was 
made by Dr. H. Gideon Wells, Nov. 27, 1909 

Anatomical Diagnosis.—Primary malignant neoplasm of right adrenal, with 
massive metastases in regional lymph-glands; secondary growth in left cervical, 
mediastinal, mesenteric, retroperitoneal and iliac lymph-glands; metastases in 
lungs, pleura, dura mater, skull, liver, right kidney, left adrenal, eighth rib 
pubic bone and upper portion of right femur, with pathologic fracture of femur; 
injection of lymphatics of surface of lung, with tumor cells; thrombosis of right 
external iliac and femoral veins, with edema of right lower extremity; dilatation 


28. Garceau (see note 13) found but four hypernephromas in children out of 
a series of 176 cases, while Franck (Beitr. z. klin. Chir., 1910, Ixvi, 11) claims 
that there are only four cases on record; of sixty-seven cases of tumors of the 
adrenal, on the other hand, Ramsey (see note 8) found that six were in children 
and eight were registered as being in patients “under 20”; and Garceau collected 


reports of twenty-five cases in children. 


1 Willis (Jour. Med. Research, 1911, 


xxiv, 73) have reported the results of their study of fifty-four renal tumors, 


29. Since the above was written, Wilson an 


} 


forty-eight of which were so-called hypernephromata; twenty-six swine embrvos 


(serial sections), 5 to 20 mm.; forty-three human embryos (serial section 6 to 
70 mm Chey conclude that most, if not all, so-called adrenal rests are probably 
of Wolffian origit Chere is almost no evidence, embryologie or histologic, in 
support of Grawitz’ hypothesis that the so-called hypernephromata have their 
origin in adrenal rests There is much evidence that the so-called hypernephro 


mata do not arise from proliferations of the adult secreting epithelium of the 

convoluted tubule There is much evidence that the so-called hypernephromata 

do arise from islands of nephrogenic tissue. Such tissue is sometimes present in 

the adult kidney and appears capable of forming tumors of the non-infiltrating 
ist 


mixed cordon, tubular, papilliform, and sarcoma type so characteristic of t) 


so-called hy perne] hromata 
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of urinary bladder and ureters, with slight hydronephrosis, and concretions in 
pelvis of kidneys; acute parenchymatous nephritis; hypostatic edema of lung; 


passive congestion of spleen with fibrous perisplenitis; multiple Tania saginata; 


operative incision in right leg; diffuse arteriosclerosis; tumor thrombosis in right 
renal vein 
External Appearance.—The body is that of a poorly nourished, swarthy man 


There is a marked difference in the appearance and position of the lower extremi 
ties. The right leg lies in a characteristic, everted position and is greatly swollen 


throughout, the swelling being rather hard. The body shows considerable post 
mortem decomposition; no icterus; tattooing on arms and hands. In the left 
supraclavicular region is a large mass of glands A marked grating sensation 
is felt on rotating the right leg; rotation is very easy, the joint being extremely 


loose; large play of movement; the right leg moves more freely than the left 


Over the upper end of the tibia on the right aspect is a discolored scar; over the 





iddle of the posterior aspect of leg is another round pigmented scar; bed-sore 





over sacrum. In the middle of the thigh on the posterior aspect is an incision 
apparently rather recent. The skin here is somewhat undermined but no distinct 
fistulous tract can be found; markedly edematous condition of skin on cutting 
into leg at this point; the incision does not extend deeply; muscles and other 
tissues are much water-logged; over the vicinity of «he greater trochanter and 
the neck of the femur is a mass of disorganized tissue containing spicules of 
bone. On cutting into this tissue a chocolate-colored, purulent fluid containing 
fragments of bone is discharged. The upper end of the femur has suffered 
solution of continuity just below the greater trochanter site of pathological frac- 
ture; periosteum much thickened and yellow; a great deal of newly formed white 
tissue is present over the surface of the trochanter, and in places there are distinct 
masses of whitish, rather firm tissue occurring in nodules, in which yellowish 
areas can be seen. On dissecting out the upper end of the femur the periosteum 
is found to be nearly 1 em. thick. The periosteal thickening continues downward 
for some distance, but the periosteum is detached from the femur for about 7 cm. 
Below this point the periosteum is attached to the bone and gradually becomes 
of normal thickness. In close relation to the middle of the femur are a number 
of branches of the femoral vein which are thrombosed, with rather recent, firm, 
ante-mortem clots. Where the periosteum has separated from the femur, the 
bone is rough and eroded. Necrosis and liquefaction seems to extend more on 


the anterior than on the posterior surface; the large vessels of the leg are 
entirely occluded by thrombi and all ramifications of deep vessels are occluded 
by firm thrombi; the hip-joint is absolutely uninvolved. After removing the 


head of the femur, there is found on the medial aspect of the thigh a firm swelling 
in the vicinity of Poupart’s ligament, and above Poupart’s ligament, a large 
gland: a few slightly enlarged glands on the left side above Poupart’s ligament; 
axillary lymph-glands only slightly enlarged 

{bdominal Cavity.—On opening the abdomen a small amount of fluid is 
found; external surface of greatly distended urinary bladder is studded with 
white nodules: urinarv bladder reaches to within two fingers’ breadth of umbili- 
eus: posterior surface of bladder also studded with white nodules. Appendix is 
free: inguinal and femoral rings are closed; mesenteric lymph-glands are all 
more or less enlarged; enlarged bladder fills pelvis; pelvic glands are enlarged; 


entire retroperitoneal region is filled with a solid mass of tissue. The liver is 
adherent throughout entire anterior surface to diaphragm; gal!-bladder some 


what distended: spleen greatly enlarged and imbedded in adhesions; lower end 
of spleen comes exactly to costal margin; gall-bladder imbedded in adhesions, and 
in these adhesions are whitish nodules up to 1 cm. in diameter. Many of the 


l to 2 in length and thickness, some being white 


mesenteric lymph-glands are 1 to 2 em. i 
some dark 
Pleural Cavity Sternum and tissues of anterior mediastinum show no gross 


ibnormalities: lungs meet in median line, retract poorly and have many fibrous 
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adhesions; adhesions very firm about apex of lung and about diaphragm on left 
side; surface of the pleura is smooth and shiny. On the superior surface of the 
diaphragm are a number of whitish nodules, some 1 ecm. in diameter. In the 
thoracic cavity along the vertebral tissue is a chain of enlarged lymph glands. 

Pericardial Cavity.—This contains considerable blood-stained fluid; surfaces 
of the pericardium are smooth and shiny. 

Upper Alimentary and Respiratory Tracts.—The tongue and pharynx, esopha- 
gus, larynx and trachea show no abnormalities. At the bifurcation of the 
trachea are large anthracotic lymph-glands in which whitish nodules stand out. 

Heart, Aorta and Great Vessels.—Heart of about normal proportions; coron- 
ary vessels very tortuous, decidedly thick-walled; muscle of heart firm; beginning 
of aorta shows a few atheromatous patches; coronary vessels where cut across 
stand out and are distinctly thickened. Thickening of coronary arteries is diffuse; 
no marked patches; aortic, pulmonic, mitral and tricuspid valves normal; foramen 
ovale closed; muscle hard, rather light in color; weight of empty heart, 300 gm. 

Lungs.—The lungs do not collapse very well; pleura shows network of irregu- 
lar white lines, rough to touch, with occasional pea-sized, whitish nodules. In the 
left lung this is most marked on the anterior surface of the upper lobe. Nodules 
can be palpated in the substance of the lung beneath the injected lymphatics. 
The lungs feel boggy; full of liquid. In places throughout the lungs nodules 


Cc 


n be palpated. The same peculiar lymphatic distribution of tumor cells per- 
sists throughout the lung itself; the lower lobe contains a great deal of fluid, and 
occasionally a pea-sized whitish nodule. The right lung also is heavy with fluid. 
Its surface shows a similar network of injected lymphatics, and tumor nodules 


ean also be found; no large tumor nodules in either lung: the largest the size 


of a pea. 


Liver—This organ is adherent anteriorly to diaphragm, posteriorly the right 
lobe is adherent to peritoneum over a great tumor mass on the right side; surface 
of liver shows an occasional whitish nodule, 1 to 4 mm. in diameter; no stones 
in the gall-bladder. Within the liver substance are « sional whitish nodules, 
none more than pin-head size, and most abundant near capsul There are per- 


haps fifteen to twenty nodules in all, mostly on the posterior surface of the liver 








Che liver itself is rather pale, but otherwise shows no changes The weight of the 
liver is 1,800 gm. 

Spleen —The weight of spleen is 1,000 the spleer es not seem to be 
involved by the tumor growth, but is firmly adherent to the diaphragm and sur- 
rounding viscera, and is imbedded in a mass of adhesions. The spleen is greatly 
enlarged. It is doubled on itself but is nowhere infiltrated by the tumor It is 
of normal consistence and contains a great deal of blood The Malpighian 
bodies are rather prominent. The splenic artery is much enlarged and its walls 


ire thick and tortuous. 
Pancreas.—The pancreas itself, although lying close to the tumor mass, shows 


no changes. The lymph-glands in its vicinity are large and white There are 


tumor nodules in the root of the mesentery. 

Gastro-Intestinal Tract.—The stomach shows no abnormalities In the intes 
tines are found a number of tapeworms, probably the beef tapeworm, Tania 
saginata 

Tumor in Situ.—The whole retroperitoneal region is filled with a huge tumor 
mass which lies pretty symmetrically, with its long axis extending from the level 
of the left sacro-iliac junction, upward to the right. The mass is lobulated and 
not hard, apparently consisting chiefly of greatly enlarged retroperitoneal lymph 
glands. In some places it is rather soft, in other places about the consisten “y of 
normal kidney. The lower part lies to the left of the median line, the upper part 
to the right. There has been a great distortion of tissues. the abdominal aorta 


and the inferior vena cava being two inches apart The largest part of the 
tumor is a globular mass measuring 16 by 13 by 10 cm. It lies in the right 
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retroperitoneal region and pushes upward the liver, to which it is adherent The 
large mass is round and smooth, and probably is the primary growth The lower 
border lies at the level of the twelfth rib in the mammary line, the upper border 
at the upper margin of the fourth rib, and posteriorly the upper margin is at the 
level of the attachment of the eighth rib to the vertebral column. Running along 
near Poupart’s ligament are large dark-colored lymph-glands containing white 
nodules The femoral vein is occluded by a huge, dry, ante-mortem tumor- 
thrombus, the thrombus extending in the external iliacs up to the junction with 
the internal iliacs lhe lymph-glands along the femoral and iliae veins are 
enlarged. Che cul-de-sac of Douglas contains many tumor-nodules in the peri 
toneum { tumor mass involves the right pubic bone and extends over the 
median line to the right. The tumor extends up along the ramus and along the 
margin of the pelvis but does not infiltrate the acetabular cavity. The pubic 
bone is almost entirely replaced by tumor growth of a peculiar yellow color, with 
areas of necrosis I posterior part of the } me, the descending ramus, 


is also infiltrated 


Gienito-Urinary Systen Both ureters are considerably distended, as is the 
urinary bladder The testicles show no abnormalities rhe prostate is not 
enlarged or involved by the tumor. The urinary bladder is greatly distended and 


on its external surface are many small nodules. None is present on the internal 











surface of the bladder rhe left kidney is much enlarged rhis enlargement is 
due in large part to dilatation of the pelvis, which contains a large quantity of 
yellow, granular, si ke material The cortex is distinctly thickened and 
rather reddish in color, measuring 1 cm. The pyramids are somewhat shortened 
from pressur Che kidney is red, soft and drips with blood. The kidney on this 
side is not attached to the surrounding tissues aside from the tumor mass in 
the median line. The right kidney is directly below the large tumor mass, which 
is distinctly yellow and is intimately related to the upper pole of the kidney. 


The kidney contains many yellowish nodules and one of the large renal veins 


contains a tumor thrombus \ large number of tumor nodules are scattered 


throughout the kidney, the largest 2.5 em. in diameter The kidney itself proves 


not to be continuous with the large tumor mass which lies above it, but is 





separated by the caps The kidney tissue between the tumor nodules resem 
bles that of the opposite kidney 

idrenals No traces of the right adrenal can be found, its place being taken 
by the large globular tumor The smaller nodules on the surface of the tumor 
are enlarged lymph-glands The left adrenal is in its proper site and is not 
enlarged but is infiltrate with tumor nodules of pin-head si 

Lymph-Glands The large mass of glands in the left sup: vicular region 
measures 12 by 9 by 4 en These glands contain yell sh tissue with a tendency 


towards diffuse necrosis and softening 


Brain and Ve 7 In rem ving the calvariun we find places on the 


internal and external aspects of the bone, but showing best on the internal 


aspect, where the bone is distinctly involved, and beneath whi are yellowish 
thickenings in the dura These are most distinctly seen in the left parietal region 
and are made up of t same whitish tissue seen el here The metast s in 
the du ire 3 to 5 mm. thick The brain on its external surf shows I 
abnorn t Weight of brain, 1320 gm 

Skelet¢ At the junction of the eighth rib with the vertebral column is a 
distinct tumor g1 th 2 em. in diameter, infiltrating the head of the rib: head 
of eighth rib Imost entirely destroyed; vertebre do not seem to be involved; 
pathological fracturé f right femur as described al 

Structure of Tu r—Further examination of the main tumor after satura 
tion with Kaiserling’s solution discloses the following nditions: The mass is 
nearly square in outline nd measures 25 em. in greatest breadth, 26 em. in 


length, and 10 em. in thickness It consists of numerous, encapsulated, smooth, 





: 
: 
' 
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rounded whitish nodules varying in diameter from a millimeter to the 16 em. of 


the primary growth. At the upper right-hand corner is the egg-shaped primary 
growth occupying the site of the right adrenal. It is firmly attached to the upper 
pole of the right kidney, though distinctly separated from it by a definite capsule 
1.5 mm. in thickness. On section this mass shows (1) the enclosing capsule, (2 


just within the capsule a rim of tissue from 0.5 em. to 2 em. in width, w 


hose 
inner margin is very irregular, and which presents a fairly homogeneous grayish 
white surface. This “rind” goes over with no sharp line of demarcation into, (3 


the large central mass, which is made up of very irregular intersecting bands and 


strands of fibrous tissue, between which is a soft, very friable, yellowish-white 


ar the center of 


matrix. This structure is frequently interrupted, especially ne 

the rowt \ ivities, whi ipparently, represent nothing more than 
areas of liquefaction necrosis. The cut surface of the other nodules presents essen 
tially the same appearance, excepting that in the smaller ones the central 
necrosis ith cavity formation is much less marked In a few of the nodules, 
there are streaks of a peculiar yellowish-orange color which follow cl sely the 
connective tissue trabecule. They appear also to a limited extent in the primary 
growth, but not in the majority of the metastases In one of the larger nodules 


is a diffusely outlined area 1.5 cm. in diameter of a dark reddish brown color, 
which probably signifies the presence of a hemorrhage 
Just beneath the primary growth, and, as mentioned above, firmly attached to 


it, is the right kidney This organ is 12.5 em. in length, the cortex measuring 10 
to 15 mm., the medulla 20 mm There are numerous whitish nodules scattered 
through it, mostly in the medulla; only the largest involves the cortex rhe 
pelvis is entirely from involvement except at two or three points where 
nodules in the renal papill# have extended to the surface The ureter worms its 


way among the tumor nodules, but nowhere has it been invaded in the least by 
the tumor tissues; it is patent throughout 

rurning now to the upper left-hand corner of the tumor mass, the left adrenal 
is found to occupy its usual position on the upper pole of the left kidney. The 
left adrenal is extensively invaded by tumor tissue A strip of the organ 1.5 


em. in width and of about one-half the length lying on the medial surface of the 
upper pole of the kidney, is apparently all that remains of the normal gland, 
this contains a number of whitish nodules iteral ind in direet 


and eve! 


tinuity, is a nodule fully 2 cm. in diameter and 3 to 4 cm. in length of a gross 








structure quite similar to that of the other smaller nodules. The left kidney is 
entirely free from tumor growths; its cortex measures 10 to 15 mm., medulla, 
20 mm.; it is 11.8 em. in length The pelvis is free, while the ureter, though 
like its mate on the right side, buried in the metastatic growths, is patent and 
entirely free from tumor infiltration. The left renal artery and vein, though muc] 


distorted by the tumor nodules among which they lie, are free from tumor tissuc 
and are not thrombosed; the right renal artery is patent, and its intima is 
smooth, though it is firmly imbedded in the tumor mass rhe right renal vein 
18 partially oecluded by a thrombus which extends along the entire length of the 


vein and projects into the vena cava, where it becomes continuous with a throm 


bus about 3 em. in length, situated on the posterior segment of the wall of the 
latter vessel. These thrombi are firmly attached to the vessels. On attempting 
to dissect out the right renal vein and the vena cava it is found that as one 
approaches t | t of origin of the thrombi the vessel wall appears to merg« 
directly t! surrounding tumor, rendering a complete separation of vessel 
from tumor impossible 

Vir cop Examinatio For microsc¢ pic il study tissues were fixed in 
Zenker’s fluid; a few were fixed in 10 per cent. dilution of liquor formaldehydi 
imbedded in celloidin and stained with hematoxyli: nd eosin and with Van 


Giesen’s stain. Sections from the primary tumor appear as follows: At one bor 


der is the dense connective tissue capsule; just benea his is a very richly cellu 


lar zone in which occasional islets of typical adrenal cortex—glomerulosa and 











72 THi 1RCHIVES OF INTERNAL MEDICINE 
fasciculata—occur. These islets are immediately adjacent to the capsule, appear 
as though somewhat compressed, and pass over without a distinct line of demar 
cation into the mass of the tumor. They are not associated with the orange 
yellow streaks mentioned in the gross description, and the more deeply lying 
cells have lost their nuclei and are distinctly necrotic. The tumor cells are 
densely packed together. Their nuclei are round or oval in outline, somewhat 
vesicular, with deeply staining chromatin granules and in many cases a well 
marked, centrally placed nucleolus. They are larger and more deeply staining 
than the nuclei of the adrenal cells. Mitotic figures are occasionally found. The 
cytoplasm is fairly abundant, and only exceptionally can what appear to be 
small vacuoles be discerned in it. The cells, in general, are arranged in compara 
tively large, rather indistinctly demarcated groups in a wide-meshed network 
villaries. In a few areas these “groups” appear in the form of broad, 





of narrow ca} 
anastomosing bands, bounded by capillaries, in which case the cells bordering th« 
capillaries are arranged fairly perpendicularly to the vessel wall. Intercellular 
connective tissue fibrils are found in some places but are absent in most. The 
capillaries in most places are not at all conspicuous, while in a few others they 


seem to form the core of columns of cells, the latter being arranged with their 


angles to the thin vessel wall. In such cases the nuclei of 


the cells are situated in the portion of the cell which is farthest from the blood 


long axes at right 


vessel. This perivascular arrangement, though rare, 
of the metastases in the regional lymph-glands. Proceeding inward from the 
capsule, this cellular zone gradually gives place to a structure which is chara 


of the tissue and agrees very well with the gross 


is especially noticeable in 


some 


teristic of the great mass 
there occurs an increasingly coarse framework of anastomos 


description; that is, 
masses. Occasionally lumina 


ing connective tissue trabecule enclosing cellular 
appear in these masses and then the tissue assumes something of a cavernous 
structure. Such lumina are usually empty, and one cannot definitely overcome 
the suspicion that many of them are artefacts. Not rarely one is found which 
is lined with a single layer of cuboidal cells thus tending to allay the suspicion 
just mentioned. In some areas the connective tissue trabecule form the major 
the tumor cells being crowded into narrow, communicating 


portion of the tumor, 
ice of a marked hyaline trans- 


clefts. The larger trabecule frequently show evide 





formation Large necrotic areas and empty spaces become numerous as the 
center of the tumor is approached. Hemorrhagic areas, relatively few in number, 
are scattered irregularly throughout the section. 

Coronal sections through the left adrenal appear as follows: At the medial 
margin, tissue apparently normal in all respects, 
lateralad, endothelial-like cells are found in the capillaries, especially in those of 
lated cells or groups of three or four cells are found whose 


ime 


is encountered. As one proceeds 


the medulla; at first iso 
nuclei are three or four times the size of the ordinary endothelium, and whose 
cytoplasm is abundant, is finely granular, and takes a purplish-red stain with 
the hematoxylin and eosin; such cells increase rapidly in number and a zone 
is reached in which strands, columns and nests formed of them fill the sinusoidal 
spaces and divide the adrenal tissue into small islets, while still further lateralad, 
adrenal cells are entirely absent and the tissue passes over insensibly into cellu- 
lar masses of a structure similar to that of the “rind” of the primary tumor. 
The metastases in the regional lymph-glands and in distant organs are essen- 
tially of this large-celled type, but rarely does the cellular arrangement of the 
“rind” occur. Of the metastases, those in the lungs are the most interesting 
histologically, in the great predilection which they show for dissemination by way 
Practically all of the lymphatic vessels accompanying the 


of the lymphatics 
bronchi are distended with masses of large endothelial 


larger blood-vessels and 
like cells. Sometimes the distended lymphatic is lined by several layers of such 
cells, while an empty space is found in the center, but as a rule spaces within the 
lymphatics, not occupied by cells, are filled with pink, granular material and 


cellular detritis. Occasional leukocytes of various types also occur. Points at 


' | 
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which tumor cells have broken into the alveoli of the lungs, forming tumor masses 
of from half a dozen cells to nodules with a diameter equal to that of six or 
eight alveoli occur commonly, especially in the neighborhood of the larger bronc 


1 


Che endothelial lining of many of the tumor injected lymphatics appears to be 


intact. The tumor cells in the metastases are considerably larger than those in 
the “rind” of the primary tumor, and as one studies sections from various por 
tions of the growths, a gradual transition from the one to the other seems 
become evident 

Many of the blood-vessels throughout all of the sections from the primary 
tumor, and in many of the sections from the regional metastases, are plugge 
with masses of blue-staining granules which probably represent bacterial emboli 
They do not appear to have produced any change in surrounding structures 
Polymorphonuclear leukocytes are to be found in considerable numbers in nearly 
all sections, though there are no localized accumulations 


The frog’s eve test, the rabbit’s uterus test, and the blood-pressure 


test (using a small dog as the test animal) failed to give evidence of t 
yresence of epinephrin in extracts of tumor metastases. In addition. 1 


mor and its metastases did not turn black on standing exposed to 1 


r nor did extracts of tumor tissues assume a pink color when sin 


reat is tissues al solutions W 1 contall piney inva 

[t appears, therefore, that this tumor did not « tain epi! I (The 

foregoing tests for epinephrin were made by Dr. Clvde Brooks of t} 

Department of Experimental Therapeutics of the University of Chicago. ) 
In the gross, this tumor, excepting for the very extensive lvmphati 


metastases, presented most of the characteristics of typical hypernep! 
mas. Under the microscope, however, a great variety of structural types 


— alveolar, sarcomatous or carcinomatous, al viosarcomatous or possil 


peritheliomatous, all culminating in the predominatingly endothelioma 
tous metastases — are found. The inconstancy of the intercellular 
nective tissue network*® in the alveolar portions of the growth, toget 
with the coarse connective tissue trabecule with hyaline degenerat 
enclosing communicating clefts found in other portions, gives a furtl 


touch of the endothelioma.®® 

On a morphological basis the diagnosis of endothelioma, primar 
the rig] t adrenal, seems to be warranted. We cannot de termine absolut 
} 


renal cortex or from the endotheliun 
of the blood or lym yh-vesse Is of the gland, althoug] 
ym} 


whether this tumor arose from the ad 
if one were TO co! 


fl 
fine one’s study to sections from the “rind” of the primary tumor one 
would be strongly inclined to adopt the former view. Accepting this 
hypothesis, we could call this tumor a mesothelioma of the adrenal, recog 
nizing that such tumors, when of adrenal origin, present characteristics 
distinctly different from mesotheliomas of renal origin, excepting when 
the reversion to the embryonic “hylic” type, as defined by Adami,"* 1. ¢ 
pure sarcoma, has been complete in both. 


29. Woolley: Bull. Johns Hopkins Hosp., 1903, xiv, 21 
30. American Text-Book of Pathology, 1902, p. 207 
31. Woolley and Adami: Tr. Assn. Am. Phys., 1902, xvii, 627 
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hefor it! In ( . there was a terminal Sfaphylococcus aureus se} 
ticen i 
b nts show normal numbers of red cells or a slight dim 


The pathology of the three cases is essentially the same, with minor, 


certain organs in the 


s 
< 
, 
’ 
/ 


microscopic descriptions of each case is due to the fact that different 
tissues were available for study in the different cases. The liver, pancreas, 
spleen, thyroid, inevys, adrenals and lymph-nodes are des ribed in all 
three In ea _ studies were made of other organs which were not 
available in bot other cases. The iron-containing pigment, hemo- 
siderin,. is found creat abundance in t secreting cells of all the 


rlandular orgal mined. including the liver, pancreas, salivary elands, 
stomach. Briinner’s glands, serous glands in the bronchi, trachea and 
irynx, thyroid, thvroid, glomerular zone of adrenal, prostate, and 
in certain cells the kidnev. In addition, it appeared in the cardia 
ibers t nr! tive tissue of those organs after the disintegration ol 
I ls. in the lvmph-nodes, in the spleen in small 

, nts t ww. in certain cells of the cutis, in cartilag 

ind in tl ndot um of blood-vessels, especially of the sexual 


The abnorma n-free pigment, hemofuscin, is present in consider 


ible quantit ( n Case 3, and is here especially noticeable in the 

valls of od-" arge ducts and in the capsules and trabecula 

In all tl ses there is an increase in those pigments present in less 

le gree | ys ’ ° = ere is a sti k ng iccumulation of fine vellow 

oment grat in the tubules of the testes and epididymes and in the 
vas deferens and seminal vesicles in the third case. 


In each case there is an increase in the connective tissue of the liver, 
pancreas. Ivmph-nodes and spleen. In addition, this occurs to slight 
exter eart muscle in Case 2 and in the prostate and testicles in 


Case 2 suggests slow deposition of pigment for a comparatively long 


time. while the picture in the third case gives one the impression of a 


CASE | Medical No. 24,427. Simple Hemochromatosis without Diabetes. 
Tuberculous Peritonitis 

C. M.. a white man, a watchman, aged 55, was admitted to the Johns Hopkins 
Hospital, July 30, 1909, and died Sept. 5, 1909. Complaint: Pains in abdomen 
and frequency of micturition. Family history negative. 

Past History—The patient has with rare exceptions been well and strong. 


Che periods of ill ] 


health, which he recalls most clearly, occurred during his resi- 
dence in Cuba about ten years ago. He had the usual infectious diseases of 


» 


childhood and, in addition, small-pox at 3 years of age, and malaria while in Cuba 


4 
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ten years ago. Following this malarial attack he is in nilitary hospital for 


three months. 


Head.—Eyesight has been failing for the past eight yea 1 more rapidly 
during the past twelve months 

Cardio-Respiratory.—Had some cough, otherwi negative 

Gastro-Intestinal.—Appetite has always been go¢ there is no nausea nor 
vomiting, no eructation of gas. Bowels rather irregular While in Cuba, ten 
years ago, he suffered from an attack of dysentery during \ his stools con 
tained mucus and blood. This attack lasted about six or eight weeks alt ther, 


with intervals of comparative freedom 


Genito-Urinary While in Cuba, before the malaria ttack, the patient expe 


rienced considerable inconvenience from frequency of micturition He passed 
large quantities of urine; was obliged to rise four or five times at night for this 
purpose. His face, legs and ankles became puffy and swollen. The polyuria has 
never entirely disappeared, but has never again been so marked as at that time 

He denies gonorrhea and syphilis. 

Habits.—He drinks whiskey and beer in moderation, but es not get drunk 
He has never done any heavy work. 

Present Illness —The onset was rather insidious. Patient says he has had 
more or less trouble for a year with increased frequency of micturition, passing 
small quantities of urine each tims There is no pain during the passage and 
the urine contains no blood. He has considerable abdominal pain, especially on 


coughing. This pain is not related in any way to the taking of food 

Physical weakness has been especially noticeable during the last three or 
four weeks. He cannot walk far without sitting down frequently to rest He 
has some cough, but no shortness of breath. Bowels are irregular with alternat 
ing periods of constipation and diarrhea. The abdominal pain is especially 
severe on the right side after standing for some time ; 

Physical Examination.—The patient is a large man. The skin of the face is 
coppery-red in color, the vessels of the cheeks dilated, the left pupil slightly larger 
than the right. The breath is foul and the teeth in poor condition, 


The skin over the neck and thorax is covered with small, reddish, elevated, dis 


crete papules. The capillaries of the thorax are enlarged, especially in the 
lower part, where they form a striking band running across the lower front just 
above the costal margin. 

The lungs and heart are normal 

The abdomen is distended and soft; the lateral veins markedly enlarged 
There is tympany in the lower central portion, dull tympany and shifting dulness 


in the dependent flanks. No masses nor areas of tenderness can be demonstrated 


The liver is greatly enlarged; the dulness, beginning above at the fifth rib, 
extends 9 em. below the costal margin where the edge is distinctly felt. In the 
midline it reaches a point half way between the umbilicus and the xvphoid 

I . ) 


cartilage. 

The spleen is readily palpable 4 cm. below the costal margin 

Deep reflexes are demonstrable. The knee-jerk is more marked on the right 

Blood Examination.—August 6, red cells 5,100,000 per ec.mr leukocvtes 
9,000; hemoglobin 105 per cent. (Sahli). The Wassermann reaction 
serum) 18 negative. 

Examination of the stomach contents reveals no special viation from tli 


normal findings. 


On August 11, the pigmentation is noted as extreme over face, hands, fore 
arms, areole of nipples, feet and legs, and of a deep coppery-brown color. There 
was no jaundice, 

The patient’s temperature, since admission, has rar from 99 to 100 in the 


morning, and from 100 to 102 in the evening. 


a 
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I On several occasi tools were foun t be 
smal semi = ‘ i ol wr < i ‘ were née macroscopic 
: ! rasit ! i micros¢ reveal normal pictu Chere 
s no ¢ 
On A t 25 ninal dis tion ha so marked that paracen 
is ! there we é ruined 7,5 f clou st v-colored 
fl I tior is spe ivity 1,015 bumin content 
m. | t test for « t l ve Microscopic examina 
ntrif men s me ed bi ells, a few leu 
, sevel itinuc t alle 
t : iVvs t rot I 1 | I ( obt I 
\ j l trom t ematine ste 
On September t was drowsy a eak that he ec not feed 
i Hi iin it I t of abdome diffieulty 
t in plgmentati é tely ir ised and vas 
: sis not 
Bloc count \ ( 000 red cells. 12.000 tes \ «¢ ture from the 
blood remained st lhe Wassermann rea : idged negative 
though there s I complen t ixation 
I condition of t patient became gradu vors i s death in coma 
on September 5 ) ng the ist the iti s tem] tu was intermit 
ent 7 to 101 
The blood es fell ri s stay in the tal m 105 to 85 mm. of 
mercury 
Baa at of Urine Soon after admission, rine was pale orange in 
color; acid in reaction; specifie gravity 1,023 t contained neither albumin nor 
sugar, but a few hy » casts In subsequent examinations there was occasionally 
a trace of album ith hyaline and granular casts and several times there 
was an atypical and slight reduction of Fehling’s and Nylander’s solutions. There 
was never any fermentation with yeast, nor any a tone or diacetic acid present. 
Clinical diagnosis was not definitely establishe The picture was consid 
ered suggestive of hemochromatosis but the fever aroused suspicion of a tuber 
culous infection with adren involvement 
futopsy No. 3,271 performed 14% hours after deat 
inatomical Diaqnosis Hemochromatosis; pigmentation of liver, pancreas 
lymph-nodes, gastric and intestinal mucosa, thyroid, parathyroids, adrenals, and 
skin over the face, hands and feet; cirrhosis of liver with slight collateral circu 
lation; ascites; fibrosis of pancreas and lymph-nodes; acute tuberculous peri 
tonitis with serohemorrhagic exudate; acute tuberculous pleurisy (right 
tubercles in kidneys; atelectasis of lung; chronic purulent bronchitis; chronic 
passive congestion of Ineys; cloudy swe of kidneys; cysts of the tunica 
vaginalis of the testicles; slight chroni ous myc itis adenoma of 
pancreas 
Rody is that of a slightly emaciated white man, 177 em. in length There is 
in extreme u evanosis of the face, which is only partially obliterated by 
pressur After the blood has been expelled from the tissues by pressure, the 
skin over the fa nd neck still remains markedly pigmented This pigmenta 
tion has a dusky grayish-brown appearan esembling to a slight extent that 
found in arevria It verv marked over the face and neck: is also found over 
the hands and forearms. fading gradually toward the elbows, and over the feet 
nd legs | i? ss marke towards the this The skin ver the entire 
body is slight | ! te 
Che teet iT . nd the Is Marke | I ' lve 1s 
The abdomen is much distended with distinct bulging of the flanks. The geni 
talia are slightly rmented, but here the pigment is not very marked The 
fat of the abdominal wall is scanty and the muscles atrophic On opening the 
tbdominal cavity there escapes about 6 liters of a blood-stained, amber-colored 


luid which contains numerous flakes of fibrin Over the serous surfaces of the 


oA 


a 





intest s on e’ e. sl f gS « brin r f 
a slight é Uy ng t intestir ops f ! ea p » @ a 
oft the me tery ee! he « wit en bons 7 . n-likee 
nodules only a f n imeters it et ; — ; aiaad 
: ules Between thes iles t sere suri is extren c s 
that it sar ttle is ! < , , . sior 
is W spre u sp 7 1 4 nar ner . ne 
flan ind t lla} i it suri I l 1 al 
of the liv nd s esent a sll ys el . I entun 
is everted s t s beneatl e costal margin ext me “we 
wal to tie ther v1 it | ng att ; eit ; 2 « nen 
cuts Wi ifficulty and sl ; throug 1 merous } 

rhe liver tends 5.5 en low the top of tl ‘ orn ' . . wee 
ind st re es t costal margi! n the mamm I ’ ; 
sli y dilat 

On re ving the sternum, the fat of the anterior n num is seal a 
have L ene late ow ippearancs i here ire I n S mph rT f il 
in this region whi ire enlarge ind more intense ment than t £44 
lost of t glands aré¢ ghtly firmer than normal at t with resistanc 

The pleural and pericardial cavities are normal 

The heart weighs 320 en The cavities and the valves re practically norn 
The musculature of the right ventricle shows a slight mottling suggestive of t 
faded leaf appearance The heart muscle of the left ventricle is slight mottled 
and shows a slight diffuse increase in fibrous tissu No marked pigmentation 


is appreciabl in gross 


Both lungs show a definite purulent exudate in the smaller bronchioles and 





a moderate emphysema except in the lower portions, which are atelectati On 
the pleural surface of the right lung there are numerous small, grayish nodules, 
apparently fresh and surrounded by a slight hemorrhagie zon 
rhe spleen weighs 570 gm., and measures 21 by 11 by 7 em Its capsule is 
firmly attached to the diaphragm by a mass of adhesions which are torn with 
difficulty. ] e suriace elsew! is covered with t] exudate already d scribed 
The spleen is quite firm On section one finds the architecture very distinct 
There is a marked increase in fibrous tissue Multiple sections show here and 
I Malpighian corpuscle 





there nodules, which measure twice the size of the avera 
and which are distinctly yellow and soft 
The stomach and duodenum are somewhat distende and the mucosa of eac 


viscus is definitely pigmented or stained by a black viscid fluid which is present 








in large amounts This meterial has a fecal odor and suggests regurgitation of 
intestinal contents. The gastric mucosa is considerably congeste A few small 
hemorrhages are seen along the ruge#e There are a few dilated venules beneat} 


the mucosa of the esophagus near the cardiac orifice 








The panere and co? on bile-ducts empty se] 10d m 
Their orifices are separated only by a thin wall of mucous membrane Bot} 
ipparent not 
is smal Phe 
; ’ ; ; } 
l ] | ‘ 
tT 
, 
1,650 gm. Its surface is quite irregular, small knobs of parenchyma st 


everywhere between coarse bands of fibrous tissue which are markedly depr« 


The color is a deep brown, but on the liver the pigment is not as striking on t 


L 


surface uncreas and lymph-nodes surrounding it The live 
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extremely firm and is cut with marked resistance. The cut surface has a rather 
striking brownish pigmentation. The normal lobulation is absolutely destroyed. 
Bands of fibrous tissue varying much in size run through the entire liver tissue 
dividing it into larger and smaller lobules quite different from the normal 
structure. The fibrous tissue in many places is stained with bile. 

_ The gall-bladder is dilated and contains a large amount of tenacious, tarry 
bile. 

The right kidney measures 11 by 5.5 by 4.5 cm. The two kidneys weigh 260 
gym., are somewhat congested, and show a few small tubercles. 

The urinary bladder is small and atrophic. Its mucosa is slightly congested, 
but otherwise normal. 

The prostate shows no abnormality. 

The testicles are atrophic. There are a few small cysts in the tunica 
vaginalis, which contain a clear fluid. 

The seminal vesicles seem normal. 

The rectum is extremely congested and shows numerous hemorrhoids. 

The duodenum is thickened. Its mucosa is edematous and slightly bile- 
stained. ‘The entire intestinal mucosa shows a deep grayish discoloration. 

The retroperitoneal lymph-nodes seem to be very numerous. They are all 
enlarged and show the same chocolate brown pigmentation described for those 
in the mediastinum. 

Of the neck organs, the esophagus is normal except for a slight congestion and 
the varices found in its lower portion. The thyroid is slightly enlarged, and 
although the pigment here is less conspicuous than that found in other organs, 
there is a definite brownish discoloration. 

TECHNIC 

For histological] detail, tissues fixed in Zenker’s fluid were cut in paraffin and 
sections stained with hematoxylin and eosin. 

For the microchemical demonstration of iron, various methods were used. 
Among these may be mentioned Perl’s reaction, the conversion of the iron 
into Prussian blue by treating sections with a 2 per cent. solution of potassium 
ferrocyanid and 1 per cent. hydrochloric acid; treatment with ammonium sul- 
phid; and a combination method described by Nishimura’ working in Kaiserling’s 
laboratory. This last method gave the best results. According to Nishimura’s 
experiments, ammonium sulphid reacts with firmly bound iron compounds which 
are not affected by Perl’s method. The latter, however, gives a much better 
picture than that produced by the black iron sulphid, especially in the presence 
of other than iron pigments in the same section. He, therefore, first converts 
the iron into the sulphid by treating with strong ammonium sulphid for one 
hour and then subjects the sections to a mixture of 2 per cent. potassium ferro- 
eyanid and 1 per cent. hydrochloric acid in equal parts for one hour, after which 
the sections are washed in 0.5 per cent. hydrochloric acid followed by distilled 
water. The sections are then counterstained with carmin. 

This procedure gives an excellent and uniform method for the demonstration 
of iron and is perhaps improved by shortening the time of exposure to the 
mixture of ferrocyanid and hydrochloric acid to twenty minutes, since, according 
to A. B. Macallum, this mixture decomposes at the end of that time and is 
apt to give the tissues a diffuse light blue stain 

Alcohol or formaldehyd solution fixation is generally considered preferable in 
the study of these pigments and all the reagents used should be fresh. 


MICROSCOPICAL EXAMINATION 


Liver —tThe striking features are excessive deposits of golden-brown pigment 
granules in the parenchymatous cells and in the connective tissue; a well-marked 





2. Nishimura: Vergleichende Untersuchungen tiber die microchemische Eisen- 
reaktion in menschlichen Lebern, Centralbl. f. allg. Path. u. path. Anat., 1910, 


xxi, 10. 
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cirrhosis; and evidence of regeneration in the occurrence of clumps of large, 
rather slightly pigmented, apparently new liver cells The normal lobulation 
is obscured and a new architecture formed by the bands of connective tissue run 
ning in different directions throughout the organ and dividing it into lobules of 
various shapes and sizes. 

The liver cells vary widely in size and staining properties in different areas, 
though these areas may be situated side by side. Almost all contain in striking 
abundance granules of a golden-brown pigment. Some cells appear to be fairly 
bursting with this load but even in these extreme cases the nuclei can be seen 


though staining faintly The most characteristic cell has a well-staining proto 





Fig. 1—Liver (Case 1). Low power. Iron pigment had been converted 
into Prussian blue by Nishimura’s method and appears black in the figure 
Note the heavy accumulation in tae connective tissue I and the relatively 


heavy deposits in the periphery of the three liver lobules shown rather than in 
the center (a). 


plasm and nucleus with a fair amount of pigment gathered in granules near the 
center at the furthest point from the blood capillaries as pointed out by Opie 
und others. Only in the few nodes of larger, more deeply staining, fresh appear 
ing liver tissue are there any pigment-free cells. The cells in the periphery of 
these areas may be deeply pigmented, but in the larger central area, only the 


=o 


3. Opie: A Case of Hemochromatosis. Tr. Assn. Am. Phys. 1899, xiv, 253 
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stellate cells of \ Kupfer show the pigment granules In general, the cells in 
the centers of the lobules are the least affected, the pigment increasing in 
amount as the periphery of the lobule and the connective tissue septa are 
approached (Fig. 1 Where the amount of pigment is increased and the granules 
crowded together, there is a tendency toward the larger size of the individual 
pigment body with the formation of globules measuring several microns in 
diameter 

rhe fibrous tissue varies much in density in different places; hence, presum 
ably, in age rhe greater part and that in closest relation to the disintegrating 
liver cells is quite loose and cellular and contains many pseudo-bile-ducts. Here 
the pigment is seattered more uniformly and in smaliet granules or globules 
than in the older, denser, narrower, fibrous strands further removed from the 


liver cells. The epithelium of most of the numerous pseudo-bile-ducts is heavily 
loaded with very finely granular vellow pigment, only some of the cells near the 
end having escaped rhe walls of all vessels contain masses of pigment and the 
endothelium of the veins, both hepatic and portal, show fine vellow granules in 
abundance The cells of the peritoneal covering of the organ, where they are 
preserved in the sections, are swollen and pigmented with finely granular yellow 
material Immediately beneath the serous membrane the connective tissue is 
increased, in places amounting to thick sears in which large bile-ducts are strik 
ingly numerous None of these ducts are heavily pigmented and many escape 
altogether rhis corresponds to areas described by Hess and Zurhelle* as the 
adenomatous stage in the growth of the bile-duets In their case, too, the pig 


mentation in these areas was slight. 

Practically all the pigment in the liver reacts positively for iron by Perl's 
Prussian blue test That in the liver cells, connective tissue, endothelium of 
vessels, et: stains quite uniformly, varying in shade with massing of the 
granules. Only in the pseudo-bile-ducts does the pigment seem to vary in its 
reaction to the test Here most of the granules become blue, others blnish 
green, a dirty green, or are entirely unaffected. Hess and Zurhelle record these dif 
ferences as occurring quite widely in their sections and consider them no indica 
tion of important distinctions in the pigment. They suggest that the youngest pig 
ment stains bright blue, and, increasing in age, passes through the various stages 
mentioned, the oldest remaining unstained. This observation and the interpreta 
tion as given tend strongly to support the view that these so-called pseudo-bile 


ducts are evidences of degeneration rather than regeneration of the liver cells 


Panereas There is distinet though slight cirrhosis of the pancreas, both 
interlobular and interacinar, which at first glanee seems of greater extent 
because of the deposits of fat, especially in the interlobular tissues Neither 
process has become excessive. The connective tissue, everywhere, contains a con 


siderable amount of pigment scattered in its interstices or tightly packed in con 
nective tissue cells In some areas the new fibrous tissue is quite cellular, con 
taining many well-preserved nuclei, the remnants of parenchyma cells, and 


many small globules of pigment 
} 





The same golden-brown pigment seen in the liver is deposited to a less extent 
in all the structures of the pancreas and relatively heavily in the islands of 
Langerhans, which are large, well defined and quite numerous in all parts of the 


organ examined Indeed. in sections stained with hematoxvlin and eosin, the 
heavily pigmented, more lightly staining large islands are the most prominent 
parts of the field Fig. 2 The prominence of the pigment granules is, in part 


due to the greater contrast between the brown of the pigment and the lighter 


staining protoplasm of these cells; but that it is rot entirely so explained is 
shown by the Perl! stain Manv of the islands contain more blue than the sur 
rounding tissue nd others show a pale background of non-pigmented cells on 
which stands out a single strand or coil of cells near the center, loaded with 


blue granules The cells of the islands are large and well formed and for the 
$. Hess and Zurhelle Klinische und pathologisch-anatomische Beitriige zum 


Bronzediabetes. Zt hy f. klin. Med 1005. Iwii, 344 
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most part have well-preserved nuclei, though some of them are loaded to the 
fullest capacity with pigment Occasionally may be seen an irregular, dark 
staining mass in the place of the nucleus, perhaps one or two in each island. 
rhis nuclear change is more prominent in the main parenchymatous cells, occur 


ring diffusely throughout the sections, sometimes involving several cells in one 


acinus and again only a few in a whole lobule. These cells vary in size, some 
what in shape and very greatly in their pigment content. Not all the cells are 
pigmented, but in each small lobule some acini are more or less affected rhe 


pigment may be scattered in fine, almost imperceptible grains throughout the 
cell protoplasm or may distend the cell membrane and displace the nucleus with 
large granules crowded ¢ losely toget he r. Ihe cell protoplasm, where not obscured 
by pigment, is seen by high power to contain fine vacuoles. Besides the karyor 
rhexis already noted, a few of the cells show very faintly staining nuclei. Only 
the smaller ducts contain pigment in their lining cells Most of the pigment in 
the sections reacted strongly for iron by the Perl test rhere is a very small 





Fig. 2.—Pancreas (Case 1) Hematoxylin and eosin Note the pigment 
granules in the island of Langerhans, the thickened capsule and the pigment in 


the surrounding pancreatic cells 


amount of finely divided yellowish pigment in the walls of some of the vessels 
which does not give the iron reaction This corresponds to the hemifuscin of 


n contradistinction to the iron-containing hemosiderin 


von Recklinghausen 

Many polymorphonuclear leukocytes, as well as mononuclears, are seen in 
the blood-vessels, and wandering out in the connective tissue septa Though 
carefully searched for, no focal necroses were seen There are no cells in the 
lumina of the ducts 


One section passes through a small adenoma about 0.5 mm. in diameter, which 


resembles an enormous island of Langerhans It has a distinet fibrous tissue 
eapsule from which septa with vessels enter the tumor The cells are large 
ind similar in all other respects to those in the islands of Langerhans Only 


a few seattered cells contain pigment granules 
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Spleen There is some increase in connective tissue Pigmentation is not 
conspicuous in sections stained by ordinary methods due to the similarity in 


the color of the granules and the large numbers 


f red blood cells present in 
the splenic pulp. 

With the Prussian blue method a slight amount of pigment is demonstrated 
lying along the sinuses, and a few grains here and there in a Malpighian body 
rhe granules are small and are present in rather large phagocytic cells All 
the pigment reacts well to iron tests. 

The venules are distended with blood rhe individual cells differ slightly in 
size and shape 


rhe Malpighian corpuscles average about 0.3 mm. in diamete In several 
of these and once or twice in the pulp there are seen areas of necrosis with a 
diameter of about 0.2 mm. They are rather sharply defined, contain a grayish 
granular, necrotic-looking material with seattered nuclear remnants There is 


very little reaction in the surrounding tissue 


Thyroid Gland This shows marked pigmentation Apparently every cell 
of every alveolus contains innumerable golden-brown granules The distribution 
is remarkably uniform, more so than in the other tissues described. The 


majority of the cells are affected to the same degree, but there and there are 
found a row of cells distended and closely packed with pigment and a few of 
the alveoli contain only a few grains in each cell. The nuclei are well preserved 
and show no sign of degeneration even in the most heavily loaded cells. The 
alveoli are natural in size and shape; the colloid is slightly decreased in amount 
rhe connective tissue is practically free from pigment. Only by careful search 
can a few large grains or, rather, small globules be found in a branching con 
nective tissue cell or free in a lymph space. The blood-vessels, large and small, 
are distended with Llood, the tissues are forced apart by edema, and many free 
red blood cells are seen in the meshes of the connective tissue. Leukocytes are 
not prominent, but may be seen occasionally, and here and there one has worked 
its way in among the pigmented alveolar cells. With the Perl test the pigment 
reacts positively for iron, but requires longer exposure to the reagents. There 
is more of the dirty bluish-green color than is usually observed elsewhere. Very 
little, if any, remains unchanged. 


Parathyroid.—Cells with eosin-staining granular protoplasm greatly pre 


dominate over the clear non-staining variety. Small colloid vesicles are ocea 
sionally seen. There are many pigmented cells seattered throughout the gland 


f 


The pigment occurs in fine vellow grains and reacts readily for iron. Most « 
the pigmented cells are those having a clear non-staining protoplasm. 

At one end of the gland there is a cyst measuring about 3 mm. in diametet 
almost as large as the remainder of the parathyroid It contains a heavy 
granular precipitate and is lined by a single row of cubical cells having a clear 
protoplasm The nucleus, as a rule, is vesicular; in some cells, it is pyknotie 
with very irregular edges. Many of the cells lining the eyst contain the iron 


pigment 


Kidney There is a very slight grade of chronic nephritis with small increase 
in fibrous tissue and cloudy swelling of the secreting epithelium The blood 
vessels throughout the sections, glomeruli, and interlobular capillaries of cortex 
ind medulla are congested. The amount of pigment is small, compared with 
that in the organs just described, and its distribution quite patchy. It oecurs 
is rather large granules in considerable amount if present at all It does not 
oceur in isolated grains or even a few seattered grains here and there The 


sites of predilection are the collecting tubules first, and occasionally, the loops 
of Henle. It gives the iron reaction readily No pigment is found in the walls 
of the blood-vessels or elsewhere in the connective tissue 

idrenal The pigmentation usually seen in the reticular zone of the cortex 
is much increased, being found in almost all the cells of this layer as scattered 


granules of light brownish color Here and there in the outermost cells of the 
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glomerular zone, the nuclei are surrounded with a very similar pigment in fine 
granules of quite uniform size and of a slightly darker color than that in the 
inner layer; for the latter appears brighter even in much larger amounts. With 
the Perl test most of the glomerular pigment reacts positively, but not com 
pletely. Usually the cell protoplasm stains a diffuse blue in which the granules 
appear as dark green. The reticular pigment remains quite unchanged. Scat 
tered through the medulla may be seen an occasional pigmented cell and a few 


of these react positively for iron. There was no tissue fixed for study of the 
chromafiin system. 

The lipoids of the cortex were less than is usually found. Their solution 
leaves the cells of good shape and staining qualities 

Lymph-Nodes.—All sections show heavy pigmentation and increase in con 
nective tissue. The pigment in different sections varies somewhat in situation 


As a rule, the sinuses and peripheral parts of the follicles contain almost all of 








Fig. 3.—Panereas (Case 2). Hematoxylin and eosin. Low power Note the 
preponderance of fat in the field; the heavily pigmented and sclerotic condition 
of the pancreatic tissue shown in the right center; and the mass of clear non 


staining cells, showing fewer pigment granules 


the pigment, but occasionally, a whole follicle is loaded with it while the sur 
rounding sinuses are relatively free. It occurs in rather large globules, 4 or 5 
microns in diameter, which fuse to form larger masses, and lie either free in 
in phagocytic cells of various kinds. Very often the 


the interstitial spaces o 
character of the containing cell is obscured by the amount of pigment present 
In other cases they resemble the polyblasts of chronic inflammation Phagocytic 
giant cells with two or three nuclei are not uncommon, and occasionally, there 
are seen large syneytial masses, 80 to 100 microns in diameter, having fifteen 
twenty nuclei and enclosing several large clumps of pigment 
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The connective tissue is inereased, especially between the sinuses, where it 
forms fairly thick trabecula Here and there it is found invading a heavily 
pigmented follicle or growing out from its central artery. rhe pigment takes 
a dark blue color in the iron test whether the ferroevanid or ferrievanid of 
potassium is used 

In one of the nodes examined there are three or four young tubercles com 
posed of the typical epithelioid cells and surrounded by lymphocytes. There is no 
pigment in the tuberculous tissue 

Lung rhe sections show a moderate emphysema, thickening of the smaller 
vessels, a considerable quantity of coal pigment and a very few conglomerate 
tubercles of the proliferative type here is no other pigment than that of 
anthracosis 

Omentun Fhe omentum shows extensive extravasation of blood which occurs 
in masses throughout the sections together with an exudate of fibrin. mononuclear 
cells and few polymorphonuclear leukocytes. Seattered uniformly through the 
exudate are seen typical discrete and conglomerate miliary tubercles with 
epithelioid, small mononuclear and giant cells 

rhe parietal peritoneum shows rather acute tuberculous peritonitis with a 


considerable amount of extravasated blood. There is no pigment in the striated 
muscle shown in this tissue rhe exudate on the visceral layer over the kidney 
is very similar but contains less blood The perirenal fat shows many large 


dilated blood-vessels 

CASE 2 Vedical No. 20197 Hemochromatosis with Diabetes; Onset with 
Diabetic Nymptoms Ten Months Before Death 

D. C. K., white man, a grocer, aged 37 years, entered the Johns Hopkins 
Hospital September 26, and died Oct, 22, 1906 

Complaint Lack of strength and stomach troubl 

Family History Negative. 

Past History The patient has always been robust with the exception of 
measles, mumps and whooping-cough during childhood and an attack of chills 
and fever about twenty years ago 

Habits He is accustomed to drink three cups of coffee each day, uses tobacco 
moderately and drinks not more than one glass of beer a week 

Genito-Urinary.—There was no urinary disturbance before the present illness 
He denies syphilis and gonorrhea. He has been married ten years and has three 
children 

Patient has had hemorrhoids for five or six years 

Present Illness.—This began about nine months ago with a severe cold which 
left the patient with a tired feeling. This cold lasted about one month during 
which the patient noticed that he was drinking large amounts of water and 
getting up several times at night to pass urine of crystal clearness. His appetite 
was then moderate He had been “excited” but not “worried” over business 
affairs two or three weeks previous to the polyuria He began to experience 
about this time a marked feeling of weakness; he could work no more than 
fifteen minutes, consecutively 
re went to a Cincinnati hospital where his hemorrhoids were cured 


In July 
after three operations Here he was also placed on a diet, but continued to lose 
weight 

Since then his appetite has greatly increased: his skin is dry stools clay 
colored; and he has become constipated 

About ten days ago sharp pains developed all over the body, moving from 


one part to another, and after several days subsided into a dull, aching pain 


aggravated on motion 


Physical Evai atior The patient is a well-built, poorly nourished man 


His skin is harsh. brawny and dry without a trace of perspiration The face 
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has a fairly good color lhere is no jaundice lhe pharvnx a 


red, dry and leathery; strings of mucus project down from the posteri nares 
The skin of the neck and thorax is negative 

Ihe heart and lungs are normal 

{bdomen rhe liver is enlarged, the relative hepatic dulness begins at the 
upper border of the sixth rib and extends 4 em. below the costal margin where 
the edge is definitely palpable 

The spleen is not felt 

rhere is no general glandular enlargement 

The knee-jerks are present The left knee is painful an ippears t be 
slightly swollen, but measures the same as the right kne 

Blood Examination September 27 red cells 4.458.000 leukocytes 5.400 
hemoglobin (Tallqvist) 90 per cent 

For examination of the urine see Table | On admission the u ‘ ntaines 


6.5 per cent. sugar 





Fig. 4 Parathyroid (Case 2 High power Hematoxylin and eosin Note 
the fine granules of pigment in all the cells and the many irregular, dark 


The patient became gradually more drowsy and apathetic until on October 11 
the breath had a distinet odor of acetone and the appetite entirely failed 
On October 16, the patient was seen by Dr. Futcher, who noted that the most 


striking feature was the very marked gravish-brown bronzing of the hands and 


lower thirds of the forearms This was also apparent, but to a less extent, on 
the face and neck and over the shins, especially the right on There was no 
Increase Of pigmentation in the axille or about the nipples or genitalia The 
sclerotics and the buccal mucosa were also free from pigment There is one 
definite petechial spot on the upper third of the right shin 

The right pare tid gland was quite n irked], ollen, tense i tender n 


pressure 
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While there was no definite pigmentation of the skin of the body, the color 
seemed to be a little deeper than normal. 

rhe parotitis cleared up within a few days 

rhe temperature was subnormal continuously 

rhe patient died in coma October 22. 
Clinical Diagnosis.—Hemochromatosis; diabetes mellitus; acute parotitis 


diabetic coma 














PraBLe 1.—URINARY FINDINGS, CASE 2 
Total 
Amount 
of Sugar Diet. 
Urine Specific Per 
Date in cc. Gravity. Cent. Gm . j 
9/29 3.0000 1032 65 195 Ward diet 
9/30 1.2004 7.2 86.44 Ward diet | 
10/ 4 2.600 1.040 44 1144 Carbohydrate-free, plus one slice q 
of bread. i 
1O/ 5 1980 a 91 Carbohydrate-free 
10/ 6 2.0350 3.7 97.3 ( arbohydrate free. 
10/ 7 1560 4.4 OS.6 Carbohvydrate-free 
1l0/ & 3.020 $9 =6117.7 Carbohydrate-free 
1O/12 2.200 3.3 75.5 + + Carbohydrates renewed, plus soda |< 
bicarbonate. 
1/13) 3.480 7.2 250.5 + + Carbohydrates renewed, plus soda H 
bicarbonate. } 
1O/15 ) =4.740 } 180.6 + + Carbohydrates renewed, plus soda \ 
bicarbonate. \j 
O16 2240 + . Carbohydrates renewed, plus soda \j 
bicarbonate } 
WW/17 2,140 + + Carbohydrates renewed, plus soda : 
bicarbonate 
1/19) 38.000 5 150 + 4 Carbohydrates renewed, plus soda 
bicarbonats 
10/20 2.820 LOSO 2.6 73.3 + + Carbohydrates renewed, plus soda 
bicarbonate 
121) «1.0504 1029 2.5 26.24 + + Milk 3xlIviii 
10/22 2,120-+ 1025 2.6 55.14 Nothing retained 


futopsy No, 2,782 (performed one-half hour after death) 

tnatomical Diagnosis Hemochromatosis; pigmentation of liver, pancreas 
heart, stomach, thyroid, parathyroids, adrenals, lvmph-nodes, trachea and skin 
chronic interstitial pancreatitis; cirrhosis of liver; chronic splenic tumor 
eardiae hypertrophy and dilatation; chronic passive congestion of abdominal 
viscera; edema of intestines; ascites; degeneration of renal epithelium; hydro 


thorax and atelectasis of lungs: atrophic testes 








Body is that of a stoutly built man, 180 em. in length rhe subcutaneous fat 
is small in amount. On opening the peritoneum a large quantity of clear fluid 
is found, perhaps 2 liters; this examined by Dr. Emerson shows large quantities 
of sugar The abdominal organs are in general normally disposed The intestines 
are distended, and their walls thick and rather pasty The peritoneal surfaces 
are smooth and glistening The omentum is thickened and adherent here and \ 
there to the diaphragm and parietal peritoneum; and in the adhesions there ars 
numerous, large. tortuous veins These are also abundant in the mesentery but 
are not especially conspicuous about the round ligament of the liver The liver 
does not extend below the costal margin It is greatly distorted and shows deep 
fissures about its edge, especially near the gall-bladdet The distended gall 
bladder is bent on itself and adherent to the edge of the liver rhe spleen is 
greatly enlarged and not bound by adhesions The diaphragm reaches the third 


rib on the right side and the fourth space on the left side 
rhe pleural cavities contain a small amount of fluid—about 250 e.c. on each 


sicte The surfaces of the lungs are quite smooth and glistening There are no 
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adhesions. The pericardial cavity contains very little fluid Its surfaces are 
smooth 

rhe heart is somewhat enlarged, weighing 350 gm. The valves and orifices are 
normal, The root of the aorta shows some small plaques of elevation, and the 


coronary arteries are similarly flecked with small patches, The heart muscle 18 
in general, firm. The left ventricle is distinctly dilated. The muscle shows 
through the endocardium as a rather chestnut brown substance which is very 
much mottled with lighter and darker areas in the papillary muscles. This is 
practically the appearance seen in fatty degeneration, but it is not marked on 
section of the heart. On section the heart muscle shows the same chestnut 
brown color throughout, but it is distinctly paler and more translucent toward 








Fig. 5 jone-marrow (Case 2). Low power. Hematoxylin and eosin Note 
the preponderance of fat tissue over the hematopoietic elements. This particular 
field contains more islands of blood-forming cells than the average 


the inner layer The muscle of the right ventricle shows the same bright brown 
color 

The left Jung shows some atelectasis at the base rhe bronchial glands are 
blackened by coal pigment but not enlarged. The right lung shows a small flat 
sear at the apex. The bronchial glands are here distinetly brown Another 


gland, also on the bronchus, which contains a quantity of black pigment, shows 
the brown only indistinctly. 
The spleen weighs 300 gm. and measures 15 by 10 by 5.5 em. In consistence it 


is somewhat flabby On section the splenic substance is dark brownish-red, but 
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the brownish east is very slight The trabecule and vessels are distinctly 
Visible The Malpighian bodies are not enlarged, but are easily seen. 

There is a minute accessory spleen at the hilum of the spleen and several 
pigmented Iyvmph-nodes. 

The duodenum is normal except perhaps for a slight reddening and swelling 
of the mucosa The bile can be squeezed slowly trom the bile-ducts. 

The stomach contains only a little mucus. Its wall is corrugated and swollen, 
dark red, and the mucosa is seen thrown up into thick folds, which are very 
rough The veins about the esophagus are not especially dilated. 

Along the lesser curvature of the stomach there are several quite large lymph 
nodes, which are brilliant, ochre-brown in color. On section the lymph-cords aré 
visible as clear grayish nodules, while the remainder is opaque and yellowish 
brown Some of the nodes are red and show minute masses of pigmentation, 





Fig. 6.—Liver (Case 3). Low power. The iron-containing pigment had been 
changed to Prussian blue by Nishimura’s method and appears black in the 


figure. The section was counterstained in earmin. Note the sode of recently 
regenerated liver cells containing no pigment, except in the Kupfer cells. The 


older, surrounding liver tissue is heavily pigmented. 


while others are uniformly dark brown. It seems possible that the non 
pigmented nodes may be newly formed. The lymphatic channels leading to and 
from these nodes are greatly distended with clear and sometimes blood-stained 
fluid The mesenteric nodes are not especially enlarged: they are much less 
f the cortical layer 


pigmented, but there is a quite distinet coloration ¢« 


The pancreas weighs 150 gm It is large, firm, and measures about 19 by 4 
by 2 em It is somewhat bound by adhesions to the surrounding tissues, in which 
there are many large pigmented lymph-nodes The ducts are quite patent and 


contain no ecaleuli Their walls are about normal in thickness. The gland, on 
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section, is curiously mottled, portions of it quite irregular in size and firm, having 
a bright brown color, while the remaining intervening parts have the appearance 
of very solid fat [his is much firmer than ordinary fat and there is evidently a 
considerable amount of fibrous tissue running through it The yellow fatty 
areas form a much greater proportion of the head of the pancreas than of the 
tail. In the brown areas, especially in the tail, the lobulation is extremely indis 


tinct Pale gravish dots are frequently seen which suggest the islands of 
Langerhans From the surface the mottled appearance of the pancreas, with its 
alternating brown and vellow tissue, is very striking 

Phe liver weighs 2.400 gm. and measures 27 by 24 by 11 em It is very hard 
and its surface is extremely rough and knobbed At the gall-bladder, the con 


tractions of the liver in deep furrows is especially marked. On section the cut 
surface has a bright brown color There is a very distinet lobulation. the nodular 





Fig. 7.-Panereas (Case 3). Low power. Hematoxylin and eosin Note the 
especially heavy accumulations of pigment around the three islands of 


Langerhans 


masses being separated by retracted, translucent bands The lobules are fairly 
homogeneous in size, although there are some areas in which the scar tissue con 
tains numerous very minute lobules In many areas this lobulation seems to 
follow the normal very closely, the peripheral part of each lobule being pale 
while the central part appears as a reddish dot. But there is great irregularity 
and in other places the masses of liver tissue 2 mm. in diameter probably corre 
spond in no way to the normal liver lobule, although they stand out sharply 
At one point there is a distinctly outlined, round, vellow mass about 1 mm. i 
diameter 

The peritracheal lymph-nodes are not markedly pigmented, although the 


larger ones do show some abnormal coloration 
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are 
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four parathyroids which are normal in appearance 
thyroid is firm, possibly 


slightly 


browner than normal, and contains 
considerable amount of colloid 
The mucosa of the esophagus seems normal There are no varicose 
The 


These are 


The are 
sprinkled with opaque 


of 


adrenals 


smal] 


The kidneys weigh 
The two kidneys 


leaving 


are 


veins are conspicuous 


cast Minute dots of 


minute hemorrhages ar 


mucosa of the trachea and of the epiglottis seem distinctly 
mottled with yellowish patches 


veins 


rhe aorta is, in general, smooth, but shows some yellowish plaques of sclerosis 
size 


and perhaps more abundant in the carotid arteries 
alike The cortex is distinctly marked out, pale and 
yellow dots. The medulla is grayish brown 

430 om The right kidney measures 14 by 7.5 by 5 em 
quite similar in 


appearance The capsule strips easily 


1 surface somewhat roughened by depressions and on which the stellate 


The surface is pale, pinkish-white, with 


yellow opacity can be seen everywhere on the 
e abundant. 


a yellow 
surface and 


On 


There are also translucent points. 


section 








Fig. 8 Pancreas Case 3). High power The iron-pigment had _ been 
onverted into Prussian blue and the section counterstained with earmin Note 
the granules of hemofusein (vellow in the preparation) in the wal] of the vess 
ind the dark hemosiderin in the surrounding pancreatic cells 
the rtex averages 7 mm. in thickness The striations are quite straight The 
central translucent rays are very distinct The labyrinthian portion is very 
opaque and pale, the glomeruli standing out conspicuously as bright red points 

rhe solitary nodules are conspicuous throughout the large intestine and the 
mucosa is markedly edematous Pever’s patches in the small intestines are 

swollen rhe mucosa is not distinetly pigmented; in fact, it is quite pink Che 
upper portion of the small intestine is very much congested and of a purplis! 
lor The edema persists throughout 
MICROSCOPIC EXAMINATION 
hav There = a well-marked cirrhosis, with rather dense bands of con 
tiv isstie intersecting and dividing the liver into lobules. These lobules ar 


pigmented, 
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very much larger than the normal liver unit and, in them, the cells are not 
arranged with the same regularity. Only rarely can a central vein be made out 
among the liver cells; almost always they are surrounded by connective tissu 
ind in this respect do not differ from those of the portal system 


= 


The pigment is abundant and very striking in certain places. As a 
rule, the liver cells contain about the same amount, closely grouped in golden 
brown granules around or at one side of the nucleus and of such quantity as t 
occupy about one-third or one-fourth of the cell. This is the general rule, but in 
many places, scattered throughout the tissue, are seen areas having a diamete 
of ten or a dozen liver cells, which are filled with pigment, contained, for the 
most part, within the cells, but also found in smaller amounts free in the tissue 
These cells are alike in resembling masses of pigment surrounded by a 
limiting cell membrane, but differ in the appearance of the nucleus, which in a 
few is the large round vesicular nucleus of the liver cell, and 


n the majority an 








Fig. 9.—Heart musele (Case 3). High power. The iron-containing pigment 
appears black in the figure. Stained by Nishimura’s method. 


elongated or oval, darker staining variety resembling more nearly that of a 
connective tissue cell or polyblast. There are also seen here and there smaller 
masses of pigment between the liver cells contained in the cells of von Kupfer or 
polyblasts inside the blood capillaries. The larger lobules of liver parenchyma 
are singularly free from any invasion of fibrous tissue. The cells, for the most 
part, except their pigment content, seem very nearly normal The protoplasm 
shows no other evidence of degeneration and the nuclei, as a rule, stain well 
though here and there may be seen a very faintly staining one or one undergoing 
karvorrhexis. 

The connective tissue trabecule would be prominent of themselves and are 
rendered much more so by the abundance of the pigment lying free between the 
bundles and contained also in cells. The pigment here is concentrated into nat 
rower space and occurs in large granules and globules 
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The formation of new bile-duets is certainly not a striking feature of the 
liver, but wherever found the lining epithelium contains a share of the pigment 
usually in fine vellow grains 

Section through the atrophied portion near the gall-bladder shows a_ few 
strands and groups of pigmented liver cells embedded in rather dense connective 
tissue, which is infiltrated also with small, round cells. Occasionally. there occur 
larger islands of liver tissue, resembling in every respect that found in other 
parts of the organ. In the very fibrous connective tissue surrounding the large 
vessels and bile-duets in this region, there are evenly and rather sparsely seat 
tered connective tissue cells loaded with pigment in very fine, even grains and of a 
slightly darker brown color than that of the prevailing type elsewhere. This 











Fig. 10 Thyroid (Case 3) Low powel Stained by Nishimura’s method 
lron-containing pigment appears black in the figure and is situated in the lining 


cells of the alveoli 


variety (hemofuscin) is found in the adventitial cells of vessels in other sections 
and has not reacted positively in any test for iron which [ have used. The 
pigment of the liver cells, bile-ducts, connective tissue, generally, with the single 
exception noted, gives a positive reaction for iron 

In comparing sections treated by Perl’s or Nishimura’s methods the difference 
in distribution of the pigment in Case 1 and in Case 2 is well shown. As noted in 
the description of that case, the pigment in the former is present in striking 


amount in the liver cells in the periphery of the lobule or ce!l mass while those in 
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the center are comparatively little affected, as are also the connective tissue septa 
In Case 2, the connective tissue contains the pigment in most conspicuous 
amounts, while that in the liver lobules is very evenly distributed 
Pancreas.—On an average about one-third of the sectional area is occupied by 
pancreatic tissue, the remainder of the space being filled with fat rhe 


n lobules 


parenchyma is grouped together, usually, in one end of the section 
ortislands which are separated from each other by fatty septa of varying widths 
fhe glandular tissue itself is further subdivided into numerous small collections 


of acini by fibrous tissue strands which are very rich in pigment-bearing cells 


a fact which renders the false lobulation especially distinet There are in places 
fine strands of connective tissue between the individual acini, but this is not 
striking rhe acini, as a rule, are poorly formed and irregular but the cells 
stain fairly well Almost all the cells are pigmented with yellowish-brown 
granules, varying in extent from a few granules to a mass of globules Phe 


connective tissue strands are rich in pigment occurring to some extent free in 
the interstitial spaces and to much greater extent contained in heavily loaded 


mononuclear cells hese cells are massed here and there in clumps between 





Fig. 11 Adrenal (Case 3) Low powel Hematoxylin and eosin Figure 


shows capsule, heavily pigmented glomerular layer, and part of the fasciculate 


} 


laver, in which may be seen a few clumps of pigment 


the groups of persisting acini and the fibrous bands, lving in small groups in the 
meshes of a coarse connective tissue reticulum 
In certain small, rather sharply circumscribed areas, the pancreatic cells 


while still arranged in acini, have lost their usual appearance and staining 


reactions The protoplasm appears swollen, vacuolated and foamy, staining 
hardly at all The nucleus does not depart greatly from the usual type, but ocea 
sionally is smaller and darker These cells, as a rule, contain a great many 


pigment granules gathered especially about the nucleus, but they are not by 
inv means always the most heavily pigmented cells (Fig. 3 

rhe lining cells of many of the ducts contain the pigment, even those of 
large size In the walls of the vessels, too, are occasional pigment-bearing cells 


rhe islands of Langerhans appear in all sections, but vary greatly in numbet 


and somewhat in appearance In the head of the organ, thev are quite numerous 
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and appear as sharply circumscribed areas of the usual size containing rather 
small cells in thick columns arranged in a single, simple or branching coil. Only 
a very few of these cells are pigmented In the body the islands are less 


numerous but of typical appearance in every way and having a somewhat more 


complex arrangement than in the head. Here the pigmentation is more notice 
able, most of the islands containing at least one or two pigmented cells. The 


tail of the organ is greatly scarred There is loss of all appearance of acini 


the cells are arranged in rows and small masses surrounded by strands of fibrous 
tissue. Hence the differentiation of the islands from the rest of the parenchyma 
is not so easily accomplished Almost all of the cell areas might be taken for 
atypical islands of Langerhans, but seattered fairly frequently throughout the 
section are typical appearing circumscribed strands of cells which closely resemble 
those seen in other portions of the organ and like them are distinctly less pig 
mented than the surrounding parenchyma. 

By using Nishimura’s method with tissues fixed in methyl-aleohol, practi 
cally all the pigment gives an iron reaction, becoming either of a pure Berlin blue 
olor or a dirty, vellowish-green, with many intermediate stages. Even in the best 
preparations, however, a little of the pigment retains its original golden char 
acter This iron-reacting pigment does not seem to have any special predilection 
for any particular cell or situation, but is found now in the ducts, now in the 
acini, or again in the connective tissue cells By using Perl’s method, the 
modification recommended by Dr. Maud Abbott,’ a greater amount of the pigment 
remains unchanged, more is of the yellowish-green hue and there is less showing 
the clear blue In these sections, the islands of Langerhans are rendered con 
spicuous by the absence of the blue color and its presence in abundance in the 


surrounding tissues 


Npleen The connective tissue is diffusely increased 
The interstitial pulp is greatly decreased in amount The Malpighian bodies 
are small and circumscribed The golden-brown pigment is noticeably increased 


in all of the sections, but does not begin to compare in amount with that in 
the liver, pancreas, and other organs Most of it is deposited, finely divided, 
in the walls of the sinuses with here and there larger intracellular masses. 
the venous spaces, either 


Occasionally granules and small globules are found it 
free or in large phagocytic cells Many of the fine grains in the walls of the 
sinuses seem to be contained within the endothelial lining cells. None is found 


in the Malpighian bodies The pigment reacts readily to iron tests. 
Luna The sections show a moderate grade of emphysema. There is a mod 
erate amount of black coal pigment. In addition to this there may be seen also 


yellowish-brown pigment in very much less amount, but easily distinguished from 
it As a rule the hemosiderin occurs in small masses (10 or more millimeters), 
far apart, in the alveolar walls, either loose in the interstices of the tissues or 
contained in large mononuclear cells It may be seen, also, forming small casts 
of the capillaries for a short distance. The small lymph-nodes within the lung 
substance, while containing an abundance of coal pigment, show no hemosiderin 
rhe bronchi are slightly dilated within the lung substance and the cells of their 
lining membrane are definitely, though slightly, pigmented with golden-brown 
grains lying, usually, deeply placed in the cell, away from the lumen and in 
close proximity to the nucleus, The c¢ lls lining the pleura are not pigmented 
The mucosa of the higher air passages the larger bronchi, trachea and 
larynx) is quite free from the pigment, which here oceurs in the acini, duets and 
interstitial tissue of the serous glands beneath the mucosa and in the cells of 
the cartilages In the glands, the pigment is moderate in amount and finely 
divided into yellowish grains. Often only a few of the cells of each acinus may 


show the pigment: occasionally the lumen of an acinus or a duct may show 


a mass of the fine granules. There are mononuclear cells loaded with pigment ir 
the interstitial tissue between the acini and in some of the glands there appears 

5. Abbott. Maud Pigmentation of Cirrhosis of the Liver in a Case of 
Hemochromatosis, Jour. Path. and Bacteriol., 1901, vii, 55 
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to be an increased round-celled infiltration. The mucosa of the ducts shows 
pigmentation up to within a short distance of the lining membrane of the air 
passage. The cells of the cartilages, many of them, are large and well staining; 
many Others are small and shrunken away from the matrix. Cells of both 
orders may contain finely divided pigment granules clustered about the nucleus 
or filling the whole cell. Perhaps a third or a half of the cartilage cells are thus 


pigmented. In the small peritracheal lymph-nodes the dilated sinuses are filled 

















with mononuclear leukocytes which, in turn, are loaded with brownish pigment. 
Chere is no increase in fibrous tissue. The pigment in tl} erous glands reacts 
poorly to iron tests; some of it becomes blue, most of it rty greenish color, 
but never does all the pigment in a single section react positively Chis is true 
to even greater extent of that in ft cartilage cells M of this mains 
unaffect even WV n treated by Nishimura’s me 1 e granules me 
of the cells become dark green and in a very few t ears 
However, that in the sinuses of the adjacent lymp-nodes ts prompt! In 
these nodes the iron pigment is the only one present There is no coal pigment 

Kidney.—There is no increase in connective tissu The capsule of Bowman 
contains a granular detritus rhe lls of the convolut t les are cloudy 

vollen and much vacuolated, es ! y ywward the baser I nes | ir 
lumina are irregular in shape and contain the characteri umy” material 
of epithelial degeneration 

The pigment in the kidney is sharply limited to a certain class « ibules 
having low, regular, slig! cloudy epithelium and a 1 tive vide empty 
lumen, apparently connec or collecting tubules. The pigmer tubules are 
situated, principally, in the outer half of the cortex in the nvoluted areas 
between the medullary rays of Ferrein, though occasional they are found 
within the rays themselves. The cells often carry an « Ssive id of tl 
pigment, while the in mediately adjacent tubules are entir fr The pigment 
reacts quite readily with the usual iron reagents In tl I 1 portion of the 
medullary pyramids, there are many tubules whose cells are much swollen and 
quite clear and translucent, the nucleus staining fairly well hese cells contain 
a few large grains of yellow pigment which does not give the iron reaction 

Thyroid.—The vesicles are normal in size and contain the us amount of 
colloid. The interstitial connective ssue is not increased ntat is 
slight. Many of the cells lining the vesicle contain fine « I wn pig t 
granules; some of them are distended with pigment, most of t Is contain 
little or none. On the whole, the pigmentation of the thyroid is not striking 
Che interstitial thyroid cells occurring in nests and strands lifferentiated, 
embryonic cells?) are t most heavily affected. The pigment re s readily fe 
iron There are also fine yellow grains in the coats of me of the smaller 
arteri 

[The parathyr s show excessive pigmentation within ft essential cells ar 
this is re lered all tl} more strikin by the « sé cal relat ns! 
existing between the cells Each cell seems to contain t numbers of fine 
vellowish granules but with the oil immersion lens unpign ted cells can 
distinguished seattered here and there. Cells with clear protoplasm are more 
numerous than those staining with eosin and the clear lls are the most 
heavily pigmented. Many of the nuclei are pyknotic and have irregular serrated 
edges In the connective tissue along the larger blo vessels are seen pigmented 
pindle-shaped cells. There are no masses of pigment in the interstitial tissue 
which, moreover, is very inconspicuous. The pigment is iron containing (Fig. 4 

Skin.—In the basal cells of the Malpighian layer of the epidermis there is a 
finely granular yellowish or greenish-brown pigment in a section stained by 
Perl’s method. There are only a few pigment grains in the underlying connective 
tissue of the corium. 

Testes.—The epithelium of the tubules is retracted vay from the capsule 


Many mitotic figures occur but no spermatozoa The tubules are far apart, the 
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interstitia tissue is quite loosely, irranged and seems ¢€ matous The inter 
stitial cells of | lig are large and prominent by reason of an excess of diffuse 
vI pi nt thr hout their protoplasn In the walls of many of the 
sa ially of their lini er the m, there is a golden-brown 
pigment | Terent morphology ecurriu in grains and small masses as seen 
1 the other c this latter pigment reacts quite readily for iron, but that 
n the interstitial « is always n itive 
Bone Marrou The mart of the femur appears slightly edematous. There 
is a peculiar fibrin-] stroma between the fat spaces. Fat greatly preponderates 
over the cellular elements, whi ire grouped in small islands throughout the 
sections and are present in about the normal relative proportions. There is no 
special alteration in the 1 w, except a slight increase in the am« t of pig - 
ment, most of w i in the spaces betwe the marrow cells. Much of 
this pigment react sitively for iron (Fig. 5 
idrenal Che cells of the glomerular layer are heavily pigmented with small 
golden-brown iles quite regular in size n ippearan As a rule the 
pigmentation is ly limited to the cells of this layer, but here and there it 
may be seen pT ak n into the fasciculate la r to a distance of from ten 
to fifteen <« i \l i th cells a dadegene iti ind some have ilready dis 
integrated, t pigt t being deposited in smal] masses. What is evidently the 
tra i ‘ t 3 nt 1s mov n be tra l t uch the 
capsu ‘ Ss! inules ar n ses Of | neé may be fou In rows in the 
interstitia ( ! isionally in a mor uclear cell. Even in tl urrounding 
fat litt ows gment resembling tiny strings of beads may be seen in the 
spaces het wee ; fat cells 
lhe na fas ita is composed of quite normal-looking cells, whi however 
contain less than the usual amount of lipoid material. The cells of the zona 
reticulata contain the usual diffuse brownish pigment in increased amounts Chis L 
is darker than the chromaffin substance of the medulla and is found in sections 
regardless of the r hed of fixation With high powers it is slightly granular 


with granules very much smaller than those of the iron pigment It is not 





affected in the least by the reagents used in the demonstration of iron 
In tissue fixed in formaldehvd solution and potassium chromate the yellow - 
chromaffin substance of the medulla is found i: normal, or s ightlv inereased | 
amount It occurs in similar proportions also in the cells of two sympathetic 
gang! examine ly rdditior there 1s foun in t ! illa nother pigment 
occu ! : rsely t 1 in the medulla cells ar i titial in tissues 
fixed in aleohol « ot I sé ind morpholog llw re ni o t 1 ment found 
; lome I y 
Ir ctions vy Nishimura’s met t lor ilar j t becomes 
blue readil ite rd of the « take ’ ise & I sh stain 
whi ‘ } s is n to be ] ( t spa s between 
the <« columns The medulla, to takes a se light-blue st marking 
it off sharp! f ret ilate zone The pigment in the medu } ver 
though resembling clos the glomerular pigment morphologically, f e most 
part remains unaffect this test, only f isters of t iY { , 
or 1 dirty dar n 


pigmentation is iking rhe pigment « rs not only in é nd entiated 
sare sm at t ir poles. but also throu ¢ the entire musel a fn q 
fine yellowish-l nules arranged in longitudinal rows between the fibril 
bundles. The } ire remil one strikir of that seen in a section of a fatty 
heart muscle st with Sudan ITT The cross striations of the muscle cells 
ure easily see! t 1 obscured by closely | ed masses of pigment rhe 
nuclei, as a r rather faintly In cross section of the muscle cells, the hd 
pigment granules are se to be more numerous in the center, diminishing in 


numbers toward the periphery in inverse arrangement to that of the fibril : 
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bundles Here and there, especially in sections stained for iron, may be see ’ 


mass Of granules, perhaps with a clear space in the center, and surrounded by a 





narrow zone of the muscle cell showing the characteristic fibril bundles. Other 
cells with large amounts of pigment in the center may show many small clear 
vacuoles in their periphery. Pigment is also found in the interstitial tissue 
usually, in mononuclear cells but occasionally free. Where this pigment is greatest 


in amount, the fibrous tissue is increased and many small areas of fibrosis may be 


found containing heavily pigmented mononuclears and one or two pigmented and 





atrophying muscle cells In sections stained by Nishimura’s method all the 

pigment takes on a beautiful blue « r No unaffecte ! es can be found 

even immediate at the nuclear poles after careful sea Pe s me leaves 
- some unchanged pigment at the nuclear pok 

Gastro-Intestinal Tract The mucosa and submucosa f the ymach re 
slightly edematous The glands at the base of the mucosa a ‘ rment 
rhe pigmentation becomes less toward the surface and none is four in the 
superficial half of the mucosa An occasional pigmented n lear ce] S 
found in the interstitial tissue [here is no pigmentation of the muscle 

Sections of the small intestine show marked edema, especially of the mucosa 
and submucosa Chere is no pigmentation. 

Lymph-Nodes.—Sections of all lymph-nodes examined, with the exception of 
the bronchial, contain a larger or smaller amount of iron pigmer both intr: 
cellular and free in the interstitial tissue There is also inn : i chroni 
lymphadenitis with 1 ed increase in fibrous tissue Where the pigmentation is 
slight, it is found especially in the periphery of the sinuses along the lymph 
nodes and cords, but in more extreme cases may be found in dense masses in 
the nodes and cords 

CASE 3 Ve \ 24,059 Hemochromatosis with Diabete Mellitus 

? Onset with Diabet N pte : Five Months Before Death 


R. D., white, farmer, 44 years old, was admitted to the Johns Hopkins 


Hospital May 20, and died June 5, 1909. 


Complaint General weakness 


Family History.—Excellent rhe patient has been married twenty-three 
if years. His wife is in excellent health. There are three children 


Past History In general the patient has been a hearty man and enijoved 








excellent health He had the usual diseases of childhood 
Lesions of the head, cardial, respiratory, neuro-muscular and genito-urinary 
systems were caref inquired for with negative results 
Gastro-Intestinal He has always been a hearty eater, thinks he often ate 
too much, but suffered very little from indigestion. He occasionally had indefinite 
pains after eating Bowels have been constipated since the present illness began 
but before this for fifteen years wert loose with two or three passages ¢ 1 day 
Twelve years ago he had dvsenter\ vhich lasted for one year It vas character 
ized by bloody, mucous stools and great abdominal tenderness Ile was never 
jaundiced and has not noticed the presence of hemorrh s 
Habits He is a hard worker and has undergor considerable exposure 
Formerly he was a heavy smoker, but has used no tobacco since last fall He 
: has never been addicted to leohol Since the onset of the present illness he has 
taken a little whisk twice a day Before that he dran very little whiskey 
“ and no beer 
His avera s 175 pounds He is lost 40 pound 
Present Illy This began al t six months ago with an attac of indiges 
tion for which his phvsician advised drinking of quantities of water Follow , 
thi lvice the patient gradually eveloped a marked polydips ind polyuria 
he with the urine of pale color He noticed that he ate more than formerly, but 
: nevertheless lost weight rapidly His bowels became constipated unt i. cathart 
| was always required The patient grew weaker and weaker, finally becoming 
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exhausted after the slightest effort. In February, three months ago, he spoke to 
a physician, who on examination found sugar in his urine. Sexual power is much 
diminished 
Physical Examination.—The patient is a large man, has evi lently lost weight. 
e pigmentation over the dorsum of the hands, over the face and neck, and over 
e legs and feet, from the knees down, is of an extreme brown color. The nip 
es, axille, genitalia, and skin of the body show no increase. There is scat- 
ter freckling over the chest and arms. The skin is dry and sealy. There is 
P ttle beard and the hair elsewhere is small in amount 
pupils are unequa! and react to light and accommodation 
tongue 1s cked and coate the throat injected; and there is pus in 
pos r pharynx I re 1s no gen ul indular enlarge r 
rt ar lungs are negative 
n is not felt 
ver is enlarg the dullness beginning on the fourth r itness on the 
t ? ur exte ng to t costal 1 g he ¢ is felt at a point 3.5 
the cost margin in the right mamn r smooth, fi and 
sis It cross mid! 7.5 em. | t ensiforn 
D ; ‘ r wit res if nm 18 | | ] » seer Te lazv 
erst t bil lust t t t oT 1 is there Ss a 
ne F r ' to t < n f t mass 
un 
Ge t testicle is atrophi 
j i eT ire re scar; nor t l i , t = i e = lv? sh. 
! s obtained on reinforcement; the right knee-jerk not at all, 
, . f . p reflex 
I s pale yellow, ac of specific gravity 1,030 and con- 
in 18. I f sugar in the twenty-four-hour specimen, or 5.4 per cent. 
a | min nor any casts. Acetone and diacetice acid were present 
| uent uminations see the table 
I ttion of the Blood.—Red ikocytes, 7,080. Hemo 
lobin, 94 per cent Sahli In a fresh blood the red cells 
see . S shape and colo readily with tendency 
to r x formation There are no evidences of degeneration The | cytes 
not increase no eosinophils are seen. Numerous fat droplets are seen in 
‘ sme ] jagn is verified by staining with Sudan ITI 
( né temperature, which had been about normal, rose to 100.2, and 
tense, | swelling was discovered in the region of the left parotid 
rlar | t st fe iys the patient had been growing weake and more 
it a marked, fruity odor to the breath. The sl is very ary and 
des mating on the hands where the pigmentation was definitely iner | 
Over tl bdomen there were many small reddish-purple spots, the color of 
whic 1 not fade on pressure 
é ver seemed slightly larger than before and somewhat tender 
Blood Examination, June 4.—In a fresh smear the red cells show moderate 
distortion with tendency to a raquette shape The color appears normal No 
fat droplets are seen Leukocytes number 3,000 per c.mm. 
Later the right parotid became swollen and tender and the coma deepened in 
spite of in sed carbohydrate in the food and intravenous infusions of alkali 
On June 1 the Wassermann reaction of the blood serum was negative 
lhe temperature remained about normal until June 2, when coincident with 
the parotid infection, it rose to 100.2. It continued to rise gradually until on the 
evening of June 4 it was 107, and the pulse 130. Just after the death of the 
patient some blood was aspirated from the right auricle. This showed great 


nur 


nbers of Staphylococcus aureus in pure culture 
Clinical diagnosis: Hemochromatosis; diabetes; double parotitis; septicemia. 
No. 3,228. (Autopsy one hour after death.) 
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Lutopsy 
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Anatomical Diagnosis: Hemochromatosis (bronze diabetes extreme pig 
mentation of liver, pancreas, lymph-nodes, heart, gastric mucosa, thyroid, sub 


maxillary gland, Brunner’s glands, adrenals, parathyroids, prostate, testes 
seminal vesicles, and skin of face, hands, and lower legs; cirrhosis of liver 


pancreas and lymph nodes; chronic splenic tumor; ascites; purulent tonsillitis; 
acute diphtheritic enteritis; edema and atelectasis of lungs: chroni dhesive 
pericarditis; chronic gastritis; chronic orchitis with atr V rol fibrous 


myocarditis; chronic prostatitis 


PaABLeE 2.—URINARY FINDINGS, CAsi 
Total 
Amount so ©. 
of Sugar Fe += 
Urine Specific Per = 


Acet 


Diace 


Date. in c.c. Gravity. ¢ 














9/21 900 1.030 5.4 48.6 + + Ward d 
5/22 2,930 1.032 4.4 129. + + Ward diet 
9/23 2,600 1.033 6 156. -t- + Ward diet 
5/24 ze 1.035 5 113. + -t Carbohydrate-fre« plus 
G. 25 
5/25 2,300 1.035 2.5 32 t a ( arbohydrate I plus 
G. 25 
5/26 2,920 1.035 2.3 67. - + Carbohydrate-fr plus w 
G. 25 
5/27 3,850 1.035 l 38 } + ( arbohydrate free plus 
G. 25 
5/28 2,600 1.025 1.1 28. + -+ Carbohydrate-free, plus w 
G. 25 
5/29 2,600 1.025 0.5 13 + -+ Patient refuses bread 
5/30 2,530 1.022 0.5 116 + + Patient refuses bread 
5/31 1,610 1 0.7 112 + + Patient refuses bread 
6/ 1 1,300 1 . -+ + Glucose G. 10, q. h. ad. G. 50 
6/2 1,750 1 1.5 27. t + Glucose G. 10, p. h. a G. 5 
6/3 2,680 1.025 3.9 104. + ' Glucose G. 10, q. 1 aud G,. 50 
6/ 4 2,710 1.025 3.7 97. + 
6 5 
*Levorotatory 
The body is that of a large, fairly well-nourished, white man, 175 « 
The face and hands are deeply “sun-burned.” The lower legs show a 
pigmentation, but not nearly as marked as the hands The skin over t irl 
legs and thorax is dry and scaly rhe hair is slight in amount over the pu 
ind absent over the chest [here is a very small amount of subcutan S 
rhe abdominal cavity contains 1.5 liters of a clear, lemon-vellow flui 
Lhe heart is cut and torn considerably on 1 oval through an i 
incision The pericardium is loosely adherent by old fibrous adhesions 
cavity is completely obliterated The heart is small and the right side dilaté 
rhe left auricle is slightly dilated but not thickened, while the left ventrick 
tightly contracted. The wall of the left ventricle measures 12 to 14 mn I 
valve segments are all quite delicate with the exception of the aortic valves 
which though slightly thickened were evidently competent The tricuspid 1 
measures 12 em.; the mitral 9.5 em. The myocardium of the right ventricle is a 
bright yellowish-brown color. Tangential section of the muscular wal]! f the 
left ventricle shows a very diffuse translucent tissue replacing a good deal of t} 
heart muscle which is of a deep bronze color. The root of the aorta shows a ec 
siderable amount of sclerosis, especially around the ori of the corona 
arteries. The coronary arteries are diffusely thickened ; 
The lungs were edematous and showed some hypostatic congestior 
The spleen weighs 250 gm. and measures 13 by 8 by 4.5 en The su 
thick. irregular and granular On section the organ i nil ! I l 
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color rhe trabecule are prominent, while the Malpighian bodies are very small 
and hard to set rhe pulp is elastic and does not scrape off on the knife 

rhe ach is dilated with fluid and gas. Its mucosa has a definite, rusty, 
pinkish ¢ r. On section this is seen to be due to a pigmentation of the mucosa. 
The muscle coats appear pale and normal. The ruge are considerably obliterated 
and the mucosa has a stamped leather appearance 

The py ru luodenum, and bile-ducts are norma 

rhe gall-bladder contains a very thick, slimy, black bile 

The pancreas is of a deep bronze color It is definitely enlarged and some 
what increased in consistence. On section the lobules seem ued together 

The liver weighs 3.200 gm rhe surface is slightly irregular and the edges 
rounded The organ is very tough and elastic, and is deep bronze-red in color. 


Section 18 quite uniform in appearance, and has a rough, granular appearance. 


} 


rhe lobules are greatly distorted; some of them being larger than normal. There 


ire numerous depressed scars ail over the cut surface The vessels stand wide 
open Che liver tissue everywhere has this deep bronze tint The connective 
tissue in some places is slightly translucent and grayish looking 

rhe right kidney measures 11.5 by 5.5 by 4 em. and weighs 200 gm Both 


kidneys show some congestion and cloudy smelling 


rhe adrenals are of normal size and general appearance except for a slight 
increase in pigmentation rhe cortex is 2 mm. in thickness and the stria yellow 
ish brown rhe inner zone is deep brown, while the medulla is inconspicuous. 

The lyn ph-nodes ibout the head of the pancreas, at the hila of the liver and 
kidneys and along the aorta are greatly enlarged, some of them measuring 2 or 
3 em. in long diameter rhey are firm, but not very tough; in some instances 
indeed rather soft They are deeply pigmented, t color showing distinctly 


through the capsule On section this pigment is found to be of bright yellow or 


deep brown colo 


Some of the nodes below the thyroid are enlarged and show a 


definite rusty pigment, as well as black coal pigment (heir bronze tint, however, 
is not so marked as that of the nodes about the liver Those just above the 
bifureation of the trachea measure from 1.5 to 2 cm. in diameter. and are of a 
uniform, deep, rusty-brown color. They are conspicuous a.so just above the base 
of the heart Here the pigmentation is as deep in some instances as the nodes 
in the neighborhood of the liver Other nodes are scattered all through the fat 


of the anterior and posterior mediastinal regions. Many of them are of the size 


of small peas, and all are more or less pigmented rhe nodes posterior to the 
hilum of the lung form a rather conspicuous chain along the esophagus. These, 


too, show a deep yellowish-brown, uniform pigmentation with a rather conspicu 


ous amount of connective tissue They are of all sizes and in places somewhat 
matted together. The bronchial nodes are enlarged and more or less pigmented, 
but contain more black than yellow pigment ihe nodes become more conspicu 


ous as we go along the aorta downwards, and their architecture is very sharply 
marked out by the bright yellow pigment. They are very numerous and large 


along the lumbar region, where they form a continuous chain beside the aorta. 


The nodes in the pelvis do not show this pigmentation, but are of a uniform, 


pinkish grav color They are somewhat larger than normal and rather juicy. 
The mesenteric nodes are examined with considerable care They are slightly 
increased in size, some of them measuring 1 or 1.5 em. in long diameter. They 


are uniform, pinkish-gray and on section moist and juicy, but have no abnormal 
pigmentation They contrast very conspicuously with the nodes around the 
duodenum and pancreas close beside them which contain large amounts of the 
ochre pigment, together with a certain amount of black pigment in some 
instances 

The aorta shows a moderate grade of sclerosis throughout its entire course. 

The submavillary gland has a regular architecture The gland acini are pig 
mented a deep ve llowi h brown, much the color of 1 aple suvcarlr 

The left tonsil is large, hemorrhagic in appearance and contains some pockets 


of creamy material. Pharyna, larynz and esophagus are quite normal. 
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The thyroid is rather small] and fibrous, and on section t connective tissu 
is rather conspicuous Phe ol substance is easily s¢ l tissue as a 
deep bronze tint 

he parathyroids are of normal size and appearance, but the pigmentation is 
darker than t t of the normal gland 

h is considerably dilated, and its mu 1 swollen, pink and velvety 
looking No ulcerations are present l same condition is nd in the upper 
part of tl ut 6O em. fre tl I il valve the 1 sa becomes very 
deep I swe 1 al edematou nd 1 s 3 char o lat ppea! 
ance The surtac is covers wi ttle nobs al tags of granul ri rh 
surface throughout is granular at \ The same condition is found in the 
cecu There are thickly seattered « vmotic pat s. Int sig? 1 Cor 
siderable membrane of rather uniform a irance is found 

The bone-marre of the femur is somewhat cellular, but soft and flabby 


About two-thirds of the tissue is evidently fat, the remaining third being pale 


The right testicle is very small, most of the gland tissue being replaced by 


rediating scars rhe tubules, where remaining, have a very pale, 





The left testicle, in general, has the same appearance, but is larger, measuring 


about 2 em. in long diameter There are sears in this testicle as well The tubu 


lar structure has a deeper brown color. 


MICROSCOPI( EXAMINATION 








Liver Che liver is divided into lobules, varying greatly in size and shape 
by rather broad and cellular bands of fibrous tissue 

rhe pigmentation is very heavy, more marked than in the other cases, and 
very evenly distributed throughout the section. Each cell is almost filled with 
the mass of very f brown granules. The nuclei are often eccentric and rather 
small. In every lobule there are one or more areas in which the cells are broken 
down and the pigment lies free in heavy masses or contained in phagocytic cells 
hese areas resemble those already fully described in the preceding cases There 
are other places in which the cell relations are preserved but the cells excessively 
vact d and poorly stained in addition to being heavily pigmented \ pron 
nent feature of this liver is the presence of nodes of liver cells, larger than their 
fellows, wit large deeper staining nuclei and containi very little or no pig 
ment They vary from 0.25 to 0.56 mm. in diameter, are ind or oval and are 
evidently masses of newly formed liver cells. In the recently regenerated areas 


the cells of Kupfer are heavily pigmented as elsewhere in the sections, while the 





parenchymatous cells contain only a fine, dust-like pigmentation, and occasionally 
even this is not evident (Fig. 6 There are other more or less cireumscribe 

areas in which the cells are more defi pigmented, but much less so than ir 
most of the surrounding tissue, representing pr ibly regenerated tissue of 


longer standing 


The connective tissue septa are rather cellular and contain numerous fine 


capillaries Pseudo-bile-ducts are fairly numerous so, and always pigmented 
Pigment is found scattered throughout the connective tissue in the interstitial 


spaces, in wandering cells, in the pseudo-bile-ducts, ar in the endothelium and 
walls of blood-vessels, but is less abundant, compared with that of the liver cells, 
than in the other cases of this series 


rhe so-called pseudo-bile-ducts are among the most heavily pigmented struc 


tures found. Transitions may readily be traced from the ordinarily pigmented 
liver cell, throu, 


l 


h those more heavily pigmented which are arranged in tw 


parallel rows and the very heavily pigmented pseudo-bile-ducts, to those in which 
) 


many of the cells have been entirely destrove leaving an elongated mass of free 
pigment Many such elongated structures are seen, cne end consisting of heavily 


pigmented cells and the other of free pigment masses 


The connective tissue tends to be annular in arrangement, and does not invade 


the masses of liver cells to any extent. The lobulation is quite evidently a false 
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one. Sometimes a central vein may be located near the periphery of a mass of 
cells. Often the most degenerated areas and the newly regenerated portions seem 
to be in close relation to a central vein, and occasionally, a new growth of pig- 
mented connective tissue can be found about what is apparently a small radicle 
of the hepatic vein. The endothelial cells of the blood-vessels, large and small. 
are frequently loaded with pigment, but the true bile-ducts contain little, and 
often are entirely free 

Hemofuscin is present in considerable amount in the walls of blood-vessels. 
Elsewhere the pigment reacts positively in iron tests. 

Pancreas.—Sections of pancreas show a distinct lobulation, and there is prac- 
tically no infiltration of fat between the lobules. The gland is heavily but not 


uniformly pigmented. Every cell seems to contain at least a few grains and the 
majority are but slightly pigmented, but there are several patches in each lobule 
in which the cells are loaded with pigment or have already disintegrated with 
the d t of masses of pigment and the ingrowth of granulation tissue. These 
areas resemble those in the liver, but the focal nature of the pigmentary degen 


eration is much more pronounced in the pancreas. 

In the least affected regions, the acinar arrangement, while not so clear and 
distinct as normal, is quite evident. The cells are slightly or moderately pig- 
mented, their nuclei stain well, in some cells pyknotic, but the borders of the 
cells are very indistinct and they fade into each other. Some sections show 
edema where the a are forced apart and rendered more distinct. In others 
they are close together and at times resemble cords or masses of nuclei with little 





distinct acinar arrangement. There is only the slightest amount of connective 
tissue growth in these less affected zones. 

On the other extreme there are found masses of pigment, which, on close 
examination, reveal themselves to be excessively pigmented cells sometimes 
barely preserving some trace of their former arrangment. Into such areas, the 
connective tissue is growing and the later stage of deeply pigmented scar tissue 
may also be seen 

There are intermediate stages, also, in which heavily pigmented cells preservé 
their glandular arrangement. 

The interlobular connective tissue is slightly increased in amount and shows 
scattered pigmented wandering cells. The mucosa of the larger ducts is free from 
pigment, but their walls and those of the blood-vessels show pigment bearing 


cells. 

All the islands of Langerhans are either in the center of or in close association 
with one of the areas of excessive pigmentation and degeneration (Fig. 7). The 
islands vary in size; some few are large and well formed, more are quite small 
and contain only a few cells which are, however, well preserved. They are not 
numerous, however, and the degenerated areas are seen frequently without an 
island of Langerhans As a rule, each island contains a few pigment granules. 

The pigment reacts positively to tests for iron, except that in the walls of the 
large blood-vessels. This pigment is very finel divided and of a lighte r color 
(Fig. 8). 

Heart Muscle-——The heart muscle is deeply pigmented and here, too, the pig- 
mentation is patchy. There are groups of cells heavily loaded throughout their 


protoplasm with the golden-brown grains alternating with other areas, in which 
the pigmentation is much lighter and more nearly confined to the undifferentiated 


sarcoplasm at the nuclear poles. The pigmentation is heavier than in the preced 
ing case, but there has been little destruction of cells. A few very small areas 
may be found, in which occur mononuclear wandering cells loaded with pigment, 
but for the most part the pigment is confined to the intact muscle cells. The 
nuclei, as a rule, stain well; in some cells, the chromatin is small in amount. 
The appearance of the individual cells conforms to the description given for the 
preceding case Almost all the pigment reacts positively to iron tests. It is 
only by rather careful search that some unchanged pigment is seen (Fig. 9). 
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Spleen.—There is a diffuse increase in the connective tissue. Many large 
pyknotic and karyorrhetic nuclei are seen, the protoplasm of their cells staining 
deeply with eosin. There is a slight increase in pigmentation. The pigment is 
found in golden-brown granules or small masses, scattered here and there 
throughout the splenic pulp. It is found, usually, in phagocytic cells with very 
irregular vesicular nuclei and often occurs free in the interstitial tissues or in 
the sinuses. Occasionally, heavily loaded phagocytes show marked signs of degen- 
eration with nucleus undergoing karyorrhexis or karyolysis, but the majority of 
the large pink cells with pyknotic nuclei are free from pigment. No pigment is 
found in the large lymphocytes nor in the endothelial cells lining the sinuses 
The pigment reacts positively to iron tests. 

Submazillary Gland.—there is a definite increase in the amount of connective 
tissue which is principally interlobular in distribution and to a less extent inte: 
acinar. In structure, it is loose and cellular with many mononuclear cells in its 
interstices. 

The parenchymatous cells are practically all pigmented with finely divided 
golden-brown granules. Some of the tubules are heavily loaded, their structure 
almost lost or obscured by the surrounding granulation tissue; others are only 
slightly affected with a few scattered 
inate, but there occur, scattered through the gland, groups of tubules which have 
a very well-defined basement membrane and practically clear non-staining cells 
with small, dark misshapen nuclei lying close to the basement membrane. A 
very fine, delicate network can be made out in some of the cell bodies and fine 
lines marking the cell boundaries. Most of these cells show scattered pigment 


rrains. Serous tubules greatly predom 


gr 


in fine grains. There are crescent-shaped serous cells around the ends of these 
tubules—the demilunes of Giannuzzi—which, like the other serous glands, are 
much more heavily pigmented. Usually the demilunes are distended with the 
golden-brown granules and stand out very prominently in contrast with the clear 
mucous cell-bodies. In some of the mucous tubules the cells cannot be distin 
guished or nuclei found. There is simply a foamy, almost clear, space surrounded 
by the crescents and basement membrane. The serous tubules are the more 
heavily pigmented. Many of them are filled with granules, while others are only 
slightly affected. In most cases, the tubular arrangement is well preserved, but 
in places this is quite indistinguishable, and the cells are found apparently in 
columns and strands. 

The connective tissue is almost free from pigment. A few pigment-bearing 
cells are found on careful examination. Some of the small interlobular arterioles 
have in their walls a pigment which very closely resembles that of the gland cells, 
but is perhaps of a lighter color. This pigment does not give a positive reaction 
with Nishimura’s method, while the great majority of that in the secreting cells 
does. There is some brownish pigment remaining unaffected by the ammonium 
sulphid and other reagents. It is seattered rather diffusely throughout the 
sections and seems to belong especially to the serous glands. Unlike most 
reported observations, the pigment of the demilunes of Giannuzzi reacts positive ly 
as a rule, though in a few places there was no change in color. I could determine 
no difference in the cells or pigment which showed positive tests from those 
reacting negatively. Sometimes the same cell contains both blue and brown 
granules. The protoplasm of the mucous cell stains a diffuse light blue by Nishi 
mura’s method while their pigment grains stand out as much darker blue. 

Stomach.—The section of tissue preserved shows both stomach and duodenum 
with the usual gastric glands and at the other end of the section typical Briinner’s 
glands. The secretory cells are heavily pigmented with a very finely and evenly 
divided golden-brown pigment. This pigmentation involves those glands near the 
muscularis mucose especially and extends to a point about half-way to the free 
surface of the mucosa. 

There is no pigment in the superficial half of the mucosa. All the cells of 
Briinner’s glands are also heavily pigmented and the cells of their ducts contain 
granules to a point about half way through the mucosa. Some of the cells have 
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excessive deposits and show poor staining and distortion of the nuclei. As a rule, 
however, each cell contains only a moderately heavy accumulation in the end of 
the cell toward the lumen of the tubule. Only rarely is there found a pigment 
granule in the interglandular tissue. All this pigment gives 
for iron. 


a positive reaction 


rhere is another pigment in the section which differs from the foregoing, 
especially in its failure to respond to iron tests and in its characteristic location. 
It has, too, a somewhat different morphology, being in finer particles and having 
a slightly lighter color This is found in the walls of the blood-vessels Here 
and there a muscle cell of the muscularis mucos# or of the main muscular coats 
may show these fine yellowish-brown grains. It is found in the vessel walls char- 
acteristically in rather blunt, spindle-shaped cells with light blue oval nuclei, but 
here and there the pigment seems to be in the muscle-cells themselves Occasion- 
ally the containing cell is quite large, irregular in shape with a large round or 
somewhat distorted, vesicular nucleus. This pigment is absolutely unaffected, 
apparently, by the various reagents used microchemically to detect iron, and 
corresponds to von Recklinghausen’s “hemofuscin.” According to many writers, 


in sections stained 


with methylene blue, the hemofuscin takes a darker color, blue 
or violet, and is thus rendered much more distinct. I have been unable to sub- 
stantiate this in this case. The pigment remained unaffected by Gruber’s poly 
chrome-methylene blue. Perhaps there is some difference in the stains used 

Sections from the duodenum lower down show a similar picture. In sections 
from the lower portion of the jejunum no iron reacting pigment (hemosiderin) is 
found and but little of the non-reacting hemofuscin in the walls of the vessels. 
There is, however, a striking inflammatory condition of the common type. Hemo 
fuscin is present in the walls of the larger vessels but much less conspicuously 
than in the duodenum, 


Lower down in the ileum the inflammatory process is further advanced and 


more hemorrhagic The prominence of the acute condition overshadows any 
possible chronic enteritis which may have been present. The mucosa seems 
decidedly thin, however, and somewhat distorted. Hemofuscin is found in the 


vessel walls in amounts similar to that in the jejunum, and in addition, it may be 
quite plainly seen here and there in the fibers of the longitudinal muscle coat. 
Perhaps the excessive edema causes it to stand out more prominently. The pig 
ment is not noted in the circular layer whose fibers are cut transversely. 

Section of the colon shows dilatation of blood-vessels, some edema of the 
submucosa with the presence of large mononuclear cells in slightly increased 
1mounts, and a few polymorphonuclear leukocytes. The mucosa and the muscle 
coats seem quite normal. In the interglandular spaces and very near the surface 


of the mucosa there is found a goodly number of large cells, mononuclear, which 


are distended with a very fine brownish pigment They seem to be in close 
association with the capillaries. They are not observed in the depths of the 


mucosa, and no other pigment is seen in the section. It does not give a positive 
iron reaction 

Thyroid.—tThe cells lining the alveoli are heavily pigmented, even more so, 
perhaps, than those in Case 1 and much more than Case 2. The alveoli, them- 
selves, are larger and contain more colloid material than in the first case, giving 
a slightly different picture, but except for the pigmentation neither gland is far 
from normal. 

As in the first case, it is in the smaller, more irregularly shaped alveoli, con 
taining a small amount of colloid, that the cells are most heavily loaded. This 
may be stated as a general rule, but is by no means invariable. The nuclei may 
be obscured or pushed aside, but where plainly seen are always apparently in good 
condition. Pigment is not found in the interstitial tissue. Instead of the usual 
hemofuscin, the larger darker granules of hemosiderin are present in quite 
noticeable amounts in spindle-shaped connective tissue cells in the walls of the 
blood-vessels 
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the glandular cells reacts positively to iron tests, but not so 


The pigment ir | 
readily as that in some other situations (Fig. 10 

Kidney.—The capillaries, including those of the glomeruli, are congested and 
the convoluted tubules show a mild grade of parenchymatous degeneration with 


swollen granular cells surrounding a lumen, which contains a small amount of 
detritus. There is very little pigmentation This occurs in small groups of three 


or four collecting tubules either in or close to the pyramids of Ferrein. Some 


times Henle’s loop is involved. Those tubules which are affected at all have a 
heavy deposit. rhe pigment occurs in rather coarse grains, which not infre 
quently distend the cell, pushing the nucleus aside. It reacts quickly with iron 


reagents. No hemofuscin is found. 
fhe amount and distribution of the pigment in the kidneys of the three cases 
are practically the same. 


Testicles—Section from the right testicle shows a gre itly thickened capsule 
and complete atrophy of the seminiferous tubules. The basement membranes are 
intact and thickened, but only traces of cells remain in the tubules which are 


shrunken and massed together in lobules separated by bands of thick, fibrous 
tissue. The interstitial tissue between the tubules is loosely arranged and 
shows the presence of large mononuclear cells and thick walled, hyaline capillaries 
but no pigmented cells of Leydig are seen. Both the capillaries and larger vessels 
have greatly thickened walls, many of them showing advanced hyaline degenera 
tion. There is a striking pigmentation of the endothelial lining cells of these 
vessels and of their walls, as well rhe pigment is in rather coarse golden-brown 
grains and gives the iron reaction readily, even that part of it in the muscular 
walls of the vessels, the characteristic site of hemofuscin 

With Perl’s and Nishimura’s tests the whole vessel wall sometimes takes a 
diffuse light blue color, but the dark blue granules stand out quite distinctly. 
This pigmentation extends to the vessels of the thickened capsule and is quite 
prominent there. The pigment in the testis in Case 2 shows the same distribu 
tion, but in much less conspicuous amounts. In no other organ have I found such 
extensive pigmentation of the endothelial and muscle walls of the vessels, and in 
this organ and the thyroid only have I found pigment in the muscle wall of an 
artery reacting positively in tests for iron. No pigment whatever is seen which 
is not lron-reacting. 

Sections from the left testicle show apparently the same process in a less 
advanced stage. The capsule is thick as are also the basement membranes of the 
tubules. The germ cells are in various stages of degeneration. Mitotic figures are 
seen, but no spermatozoa. Running through the seetion are broad bands of 
loosely arranged fibrous tissue containing shrunken atrophic tubules like those 


in the other gland. The interstitial tissue is edematous and contains mononuclear 


cells and capillaries similar to those in the right testis In addition, there are 
also present the cells of Leydig with an excess of very fine, diffuse, yellow pig 
ment throughout their protoplasm. This pigment is negative in all iron tests 
In the tubules themselves there occurs a diffuse yellow pigment quite similar, if 
not identical, with that in the interstitial cells As a rule it is found in degen 
erated cells with a vacuolated protoplasm often showing no nucleus, and may 
be seen in small or moderate amounts in all the living tubules, but rarely in those 
completely atrophied. It occurs occasionally in large yellow masses in the lumen 
of an atrophic tubule either free or within a cell, the nucleus of which is stil] 
visible. This pigment does not give the iron reaction 

The amount of the iron-reacting pigment in sections of the left testicle is 
very much greater than in those of the right, and there is a very distinct differ 
ence in the same section between the pigment content of those vessels in the 
atrophic, searred areas and that of the vessels in the better-preserved portions 
In the latter, the endothelial cells seem to be almost completely filled with pig 
ment, while in the scars between the atrophied tubules the vascular endothelium 
is only moderately or slightly pigmented and occasionally not at all. This may 
be partially explained by the fact that the vessels in the scarred areas have 
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smaller lumina, thicker walls and more frequently show hyaline degeneration. 
But this is not sufficient, since vessels of the same size and similar appearance, 
otherwise, show great difference in their pigment content, dependent, apparently, 
in some way, on their relation to the seminiferous tubules. 

Prostate-——Judging from the piece of tissue cut for microscopical examination, 
the prostate was about normal in size and configuration. Histologically there is 
a moderately advanced chronic prostatitis. The gland acini seem slightly com- 
pressed by the somewhat hypertrophied stroma. 

The cells of the acini are fairly heavily pigmented with golden-brown grains 
which react positively in iron tests. The endothelium of the capillaries in close 
association with the basement membrane is frequently heavily loaded with hemo 
siderin which in some fields is more conspicuous than that in the epithelial cells. 
The prostatic ducts contain less pigment. As a rule, the nearer the urethra, the 
less pigment, and the greater proportion of granules which do not react positively 
for iron. A few cells in the lining membrane of the urethra contain clusters of 
hemosiderin granules about the nucleus. These are quite sparsely scattered and 
are found only in the deeper layers near the basement membrane. 

The capillaries and small vessels of the stroma are pigmented in a way quite 
similar to that in the testicles, but to much less extent. 

The epithelial cells of the vas deferens in the ampulla and of the seminal 
vesicles, both the stratified cylindrical lining membrane and the columnar and 
cubical cells of the glands, are heavily pigmented with a light yellow granular 
material which does not give the iron reaction. This same pigment is found in 
large quantities in the vas deferens further back and in the epididymis as well 
In color it closely resembles that in the testis. 

Hemosi‘erin is present in small amounts in the capillaries of the interstitial 
tissue in all sections of the sexual apparatus. 

idrenal.—The sections of this organ very closely resemble those of the pre 
ceding case. There is the same heavy pigmentation of the glomerular zone with 
hemosiderin (Fig. 11), the increase in the normal pigment of the reticular zone 
and the presence of a few pigment granules in the medulla, some reacting posi 
tively for iron, others negatively. There are, however, minor differences. In 
this case the pigmentation of the outer layer is more general, involves more 
cells and more frequently dips down into the fasciculate layer as a long con 
tinuous or interrupted strand of pigmented cells. The pigment grains are even 
and regular in size and are gathered around the nucleus in the less heavily 
iffected cells. Many cells are filled with pigment, but the nucleus, as a rule, 
occasionally is there evidence of cell destruction with the 
masses of pigment. There is really more pigment present in 








stains well and « 





depositi n of | 
this adrenal than in that of the preceding case, but one gets the impression that 
nore recent and less complete. There is little cell destruc 


, 
L 
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the pre ! 
ti a little pigment has been set free in the interspaces and the lymphatics 
eannot be traced by their injection with pigment as in Case 2. In both cases 
there seems to be less of the lipoid substances in the cortex than normally. The 
pigment in the zona reticulata is unaffected in the iron tests. 

In tissue fixed in formaldehyd solution and potassium chromate, the medul 
lary cells show a very diffuse yellow pigment. In addition there are many 
granules closely resembling those of hemosiderin in size and appearance, but 
they are not present in tissue fixed by other methods. The chromaffin tissue of 
the adrenal seems to be about normal or slightly increased in amount; certainly 
not diminished. The sympathetic ganglia and other tissues, in which this 
material occurs, were not examined. 

Skin.—The cylindrical basal cells of the Malpighian layer of the epidermis 
contain a fine yellowish-brown pigment which is not affected by ammonium 
sulphid or by potassium ferrocyanid and hydrochloric acid. This pigment varies 
in amount in different cells from that scarcely perceptible to a very considerable 
pigmentation. 
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In the corium and subcutaneous tissues there are many scattered, branched, 
spindle-shaped or elongated cells containing the familiar iron-reacting, golden 
brown granules of hemosiderin morphologically and microchemically identical 
with that in the internal organs. The nuclei of these cells are round, oval or 
irregular and elongated with a very distinct nuclear membrane and no definite 
nucleolus. The cells are in general scattered evenly between the connective tissue 
fibers, except about the blood-vessels, where they are collected in large numbers. 
The endothelium of the vessels is entirely free. In the muscle coats iron-free hemo- 
fuscin granules are occasionally seen. No sweat giands are seen in the sections 
of tissue available. 

This picture is quite different from that presented in Case 2, where the pig 
mentation is limited to the basal cells of the epidermis and does not react posi 
tively in iron tests. Both kinds of skin pigmentation are reported and quite 
naturally have led the observers to different views concerning the clinical value 
of a microscopic examination of the skin in a suspected case of hemochromatosis 

Bone-Marrow.—The bone-marrow of the femur shows some edema, slight 


earance 18 


hyperplasia and a small increase in pigmentation. The general ap] 
like that in the preceding case. There is the same preponderance « f fat and the 


edematous areas between the fat cells containing the fibrin-like stroma, but the 


blood-forming cellular areas are slightly more numerous than in Case 2. The 
hematopoietic islands are not uniformly scattered among the fat cells, but many 


are grouped in one corner of a section while there are many fields in another 
portion of the same section which show nothing but fat. Cells of the myelocytic 
series greatly predominate, but here and there are found groups « f megaloblasts 





and normoblasts. The hyperplasia is, however, very ht and in no way sug 
gests any active new blood formation. The pigment is rather less than in Case 
2 and for the most part is intracellular and iron reacting. The endothelial lining 
of the blood-vessels contains no pigment. 

L ymph-Nodes.—In the bronchial nodes, hemofuscin is present in considerable 
amounts in the walls and adventitia of blood-vessels and in the capsules of the 
nodes. In one, especially, in which the hemosiderin is relatively small in amount 
compared with that in other nodes, and in which there is even less coal pigment 
the black pigment is more nearly in the center of the lymph-cords, while the 
iron-containing pigment is confined to the sinuses or their immediate neighbor 
hood. 

rhose from the anterior and posterior mediastinum contain a moderate supply 
of hemofuscin and hemosiderin along with more or less coal pigment and show 
the presence of more fibrous tissue In the tissue between separate nodes there 
are many connective tissue cells containing hemofuscin and small strings of hemo- 
siderin suggesting its passage through lymph-spaces and vessels. 

There are sections of several mesenteric nodes which in gross were not pig 
mented. In one there is a rich accumulation of hemofuscin in the walls of tl e 
vessels and in the capsule and a small amount of hemosiderin in the sinuses and 
eords, which might be easily overlooked with low powers of the microscope 
On more careful examination, it is found to be present in amounts about equal 
to or somewhat greater than, for example, that in the spleen. Another smalle1 
node shows conspicuous hemofuscin in the vessel walls, but not so much in the 
capsule and connective tissue generally. The hemosiderin is present in very small 
amount, collected here and there into large, tightly packed mononuclear cells. 


A pelvic node shows a great d 


eal of hemofuscin in its capsule and vessel walls 
and only an occasional small granule of hemosiderin. The sinuses in one portion 
are widely dilated and contain a few very large mononuclear cells. There is no 
trace of the fine yellow pigment seen in the sexual organs. 

The most heavily pigmented are the portal nodes and those immediately sur 
rounding the splenic artery. Some of these seem to have been ec nverted into 
masses of pigment which completely obscure the structure of the larger part of 
the node. The trabecule# are increased in thickness, and are quite prominent. 
In the connective tissue cells of the capsule, trabecule and walls of the vessels. 








110 1 


emotuscin 18 
Lt} 


hilum of the n 


and the many 


not show microc! 


rhe walls ¢ 


granuies here a 


any abnormality 


found in the et 
neither here nor 
been noted He 

Sections of t 
which is not, h 


and there is no 


vasorum. The 
definite granula 
below the serou 


brown pigment 


In studying 





1RCOHIVES OF INTERNAI YVEDICINE 


present in large amounts It is especially conspicuous at the 

oe where the connective tissue trabecule are most prominent 

cells are filled with the fine yellowish-brown granules which do 
er ow 


illy the presence of iron 


f the splenic artery are not pigmented or at most show a few 


nd tl 


wmiothe 


in I 
emotus 
he aort 
wwever 
pigthe 
cells « 
r pign 
S iaye 
resemi 

M 
the eff 


hemochromatosis, n 


sul ject. 


Hemosiderin, 


with 10 per cent. sul] 
hemofuscin in si 


general rule, tl 
solved by acids 
pigment in the 
reagents, and qu 
the pigment fou 


ickly « 


re in the adventitia. The intima is not thickened nor is 
ved In the surrounding connective tissue, hemosiderin is 
ium of the capillaries including those of the nerves, but 

other sections has pigmentation ¢ f the nerve tissue itself 
ier vessels 





in is found in the walls of the sm 


show a slight irregularity in the thickness of the intima 


inywhere markedly thickened The media seems normal, 
ntation noted in any of the coats nor in those of the vasa 
f the peritoneum above the aorta stain deeply, but no 
ntation is observed. In the connective tissue immediately 
r there are a few scattered cells containing a yellowish 


r hemotuscin 


ICROCHEMICAL REACTIONS OF PIGMENTS 
ect of various reagents on the different pigments found in 


experience has been that of most other workers on the 


example, is dissolved or disappears from sections treated 


phurie acid or with hydrochloric acid aleohol, while the 





tions is not appreciably affected. It may be stated, as a 

pigment which reacts readily for iron is more quickly dis 

i ifficult to demonstrate iron Che 

ll shows its iron readily when treated with the usual 

lisappears under the influence of acids. On the other hand, 
] 


nd in the thyroid responds more slowly and less certainly to the 


reagents used in the « 


considerable am 
time sufficient t 
If the section is 
and hydrochlori 


Hemofuscin 


ammonium hydro 


' 
siderin nschii 


not found this te 
bination metho 


hour the amoun 


tions treated for one we 
a temperature of 60 ( 
remains unchange l I 


ount of 


» acid tl 


t muel 


3 plen 


tion than that in the « 


pigment in the 


solvents above m 


tint when treate 
form 


6 Ans hiitz: 


Beitrag zur Leh 


schrumpfung, D 
7. Macallum 
Hemoglobin and 


London, 1895-6 


ts, tha 


, 
genital 


l with 


Ueber 


utse] 
= 
ine 


Hemat 


XXXVII1, 


lemonstration of iron, and sections of the thyroid show a 
undissolved pigment after treatment with acids for a 


lve all the pigment from a liver section of equal thickness. 


treated with ammonium sulphid or potassium ferrocyanid 


1e undissolved residue does not give an iron reaction. 
y disappears under the influence of alkalies, sodium or 


ind hydrogen peroxid, none of which has any effect on hemo 


tes that ammonium sulphid dissolves hemofuscin. I have 
ease, for in sections teste for iron by Nishimura’s com 
involves exposure to ammonium sulphid for at least one 
»mofuscin has not been appreciably altered Even in see 
ek with a mixture of ammonium sulphid and glycerin at 
Macallum"), a considerable amount of the yellow pigment 
he iron in the nuclei is well shown in sections so treated, 
if not all, of the hemofuscin remains yellow clearly indi 
ent does contain iron, the metal exists in firmer combina 
hromatin of the nuclei 
t found in the basal cells of the epidermis and the yellow 
organs, resemble hemofuscin in their behavior toward the 


ied. The yellow genital pigment takes on a deeper reddish 


Sudan III, but is not dissolved by alcohol, ether or chloro 


den Diabetes mit Bronzefiirbung der Haut, zugleich ein 
1 der allgemeinen Hiimochromatose und der Pankreas- 
Arch. f. klin. Med., Leipsic, 1899, Ixxii, 411. 

Distribution of Assimilated Iron Compounds, Other than 
in, in Animal and Vegetable Cells, Quart. Jour. Micr. Sc.. 


175 


== 


<<a lee 











| 


| P. SPRUNIT ll} 


INCIDENCE 


show diabetic symptoms. 


The patients’ ; 


Heller’s doubtful ce: 
The oniy we l-ay 
Murri™ and Berg?* each report one other clinically, but in 


itz collected twenty-four cases of hemochromatosis 
1907, Futcher® counted thirty-five and Heller® forty 
doubtful cases. hh ng é s series and 
reported very briefly by Si nds [ have been 
ftv cases with diabetes and t whi did not 
ies are between 30 and 65 years. e patient in 
ase died at 73. 
uthenticated case occurring in a woman is that 1 ted 


neither case can the diagnosis be accepted without question. 

Concerning tl] edisposing causes little is known Occupation 
seems to play no réle. Many authors emphasize alcoholism ; six « ide 
it as a possibility. Abbott and Beattie’ are inclined to think that gastro 
intestinal disturbances play an important part in the etiology. Many 
different diseased conditions appear, of course, 1 e forme! stories of 
this number of cases, but such is the number and diversity that no 
importance can be atta hed to any one of them. 

CLINICAL FEATURES 

In most cases of hemochromatosis, in the form termed diabéte bronze 
by the French, we have clinically the picture of a severe diabetes with 
large amounts of sugar in urine, polyphagia, polydipsia and polyuria ; 


extreme weakness and « 


not of the mucous 


men 





achexia, generalized pigmentation of the skin, but 


ibranes: and an enlarged, often tender, liver. 


not with absolute constancy. 


Abnormal pigmentation of the skin was noted in fourteen ¢ he 


yf which reports were collected by Anschiitz, and in 


practically all of the authentic cases reports of which have been published 


since the appearal 


1} ht sin-horn tr 


shade described by 


dorsum of 


8. Futcher: Hemochr 


1907, exxxiii, 78. 

9. Heller: Ueber 
Wehnschr., 1907, N« 

10. Simmonds: I 
Wehnschr., 1909, xlvi 

11. Murri: Ueber 
406, 424 

12. Berg: Diabéte 
trated by a Case of 
New York, 1899, lvi, 


13. Beattie: Hemo 


acteriol., 1903-4, ix, 


ce of his paper. It varies in intensity fron 
( rt ( lor. lead-« Oo! and thie eXT me UIs ic] 
Letulle. It occurs characteristically on the face, neck, 


Hat 
30, 


et, extensor surfaces of forearms and legs, around 


matosis with Diabetes Mellitus, Am. Jou Med. Se., 
itveriinderungen beim Diabéte bronz Deutsch. med. 
p. 1216 

Bronze Diabetes und Pigment-Cirrhoss« Berl. klin 


, 531 


Bronzediabetes, Wien. klin. Rundschau, 1901, xv, 345, 361, 


nzé and the Pathogenesis of Diabetes Mellitus: Illus 
ze Diabetes Preceded by Basedow’s Disease, Med. Rec 


matosis with Diabetes Mellitus, Jour Pat] nd 
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the nipples and genitalia, and occasionally in the axille. In these regions 
there is an intensification of the abnormal coloring which covers diffusely 
and less conspicuously the skin ef the whole body. 

In only two of Anschiitz’ cases were there pigment flecks on the buccal 
mucosa. These appeared in Ridder’s** recent case and in the very doubt- 
ful one reported by Murri. This is of some importance in differentiating 
the pigmentation of hemochromatosis from that of Addison’s disease. 

Anschiitz states that in fourteen of seventeen cases in which this organ 


was described, the enlargement of the liver was clinically demonstrated. 


More recently A tt and Simmonds have each reported a case in whicl 





the liver was smaller than normal (Abbott’s case was one of simple hemo 

romatosis, without diabetes). ‘The left |] ; sometimes enlarged dis- 
| ortionat the abd n has b explored ler the impressior 
that the mass was that of an hepatic neoplasm. 

The « es, as already stated, is severe and ray fat 
7 history of the « se frequently begins with t symptoms of hyper- 
glycemia: and after the onset of glycosuria, death, as a rule, occurs withi1 
i vea t ch cases } ive peen reported 1 WI diabetes was ent 
for tw even four years (Letulle'®) bef leath 

Hell n his ar sis of forty-two cases s the erage amount < 
sugar as 4.7 per cent. and the average amount of urine excreted daily as 
1.5 liters 

Several authors have noted the diminution of the glycosuria under 


treatment or on a mixed diet just before the exitus. In six of Anschiit 


series, this symptom disappeared entirely for va a s | 
‘ : ait ¢ “ss . 
as two months in one of Letulle’s cases. 
ae : : ; 
his brings us to a consideration of the cases of s d simple hem« 


chromatosis which do not show diabetic symptoms, su as Case 1 of this 


report and those of Opie, Abbott, Brault?® (two eases). Letulle. Foa.7® 


Gilbert and Grenet,’*® Richardiére,?® Osler** and Simmonds (three cases) 
With the important exception of the diabetes these ises bear a close 
resemblance clini y to those of true bronzed d tes, and patholog- 
ically the two cannot be distinguished from eac] 

The interpretations of these cases in the literature varies with the 
writers’ views concerning the etiology of the affection. It is suggested by 
son iuthors that these patients may have been observed during a 
latent period of e diabetes, yet some of the cases were followed for 





14. Ridder: Bronze Diabetes, Deutsche. med. Wehnschr.. 1910. xxxvi. 36 

15. Letulle: Deux cas de cirrhose pigmentaire du foie dans le diabéte sucré, 
Bull. et. mém. S« méd. d. hop. de Paris, 1885, 406; Letulle: Note sur trois 
observations de cirrhose hypertrophique pigmentaire non diabétique, Bull. et 
mém. Soc. méd. d. hop. de Paris, 1897, p. 205. 

16. Quoted from Hess and Zurhelle (see note 4). 

17. Osler: Clinical Remarks; Hypertrophic Cirrhosis of the Liver with 
Bronzing of the Skin: Hemochromatosis, Brit. Med. Jour., London, 1899, ii, 1595 
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, ] ] ] . 
fairly long periods and gave no history of polyuria, polydipsia nor 


1 
} 


polyphagia. Simple hemochromatosis is now gene rally held as the earlier 
or less severe form of the disease. Those who assume that the diabetes 
is due to changes in some one organ, as the liver or pancreas, hold that 
the lesion in that organ has not reached a sufficiently advanced grade to 
cause a marked disturbance in carbohydrate metabolism. Others, who 
believe that the three so-called cardina] symptoms, general pigmentation, 
cirrhosis of the liver and diabetes, are entirely independent of each other 
and are equally due to the same primary cause, give no explanation of 
these cases except that they are less severe forms 
Comparatively few records of clinical blood examinations are avai 

able, but those of the cases here reported, as well as those cited by Jean- 


} 


selme.?® Osler, Futcher and Ridder, show the red cells normal or slight 
reduced in number and of normal size and general appearance The 
leukocytes are not increased, nor, according to the differential counts in 
Osler’s and Futcher’s cases, do they vary especially from their usual rela 
tive proportions. The slight leukocytosis as wel] as the moderate anemia 
in Case 1 might well be accounted for by the tuberculous peritonitis. 
The hemoglobin does not depart far from the normal. Margain,’® in 
a rather incomplete examination without cell counts or hemoglobin esti- 
) 


mation, noted “a certain number of red blood-cells completely deprived 


of hemoglobin,” and in the plasma masses of free pigment. The latter 
observation is a very rare one. Marie*® reports a similar one in a smear 
studied by Auscher, but thinks the pigment may have come from th« 
skin, pricked to obtain the drop of blood. 

The spectroscopic examination reported by Futcher showed only the 
usual absorption bands of oxyhemoglobin. 

Lipemia is occasionally demonstrable, notably in Case 3 of this report 
and in Case 2 of Hess and Zurhelle. 

Evidence of pancreatic disease in examination of the stools is very 
rare. In Anschiitz’ case it was quite pronounced 

Microscopic examination of a piece of skin is of great diagnostic value 
when one finds iron-containing pigment in the cells of the cutis and sweat 
glands; but no reliance can be placed on a negative report, since in some 
cases there is present only the iron-free pigment in the basal cells of the 
Malpighian layer of the epidermis as in Case 2, in Abbott’s case and 
others. 

18. Jeanselme: Hématologie et Pathogénie du diabéte bronzé, Bull. et 


mém. Soc. méd. d. hép. de Paris, 1897, xiv, 179; Presse méd., 1897, p. 58 


19. Margain: Contribution A l’étude de l’origine du pigment dans le diabéte 


bronzé et de la pathogenie de cette affection, Rev. de méd., 1905, xxv, 378; 
Progrés méd., 1904, xx, 472. 
20. Marie: Sur un cas de diabéte bronzé suivi d’autopsie, Semaine méd., 1895 


xv, 229 
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The three cases of this report are typical of the two well-recognized 
forms of the disease; Case 1 of simple hemochromatosis, Cases 2 and 3 
of hemochromatosis with diabetes. 

The onset in each case was rather abrupt. The patients had not noted 
the abnormal coloring of the skin or signs of liver disease before the 
appearance of subjective symptoms. 

In Case 2 the pigmentation was not noted until the patient had been 
under observation about three weeks. In all three cases the pigmenta- 
tion became progressively more intense. Heller says that in only three 
eases, those of Anschiitz, Ubert** and Hyss,*" did the appearance of the 
abnormal skin coloring antedate the diabetes. In one of Futcher’s cases 
the skin had been dark-colored for several years. In Anschiitz’ case and 
in Case 1 of Hess and Zurhelle, swelling of the liver had been noticed 
before the diabetic symptoms. Ridder recently had a remarkable oppor- 
tunity to observe the development of a case. Four years before death, 
pigmentation of the extremities was noted; one year later, disease of the 
liver was diagnosed; diabetes was present during the terminal four 
months. 

A history of moderate alcoholism was given by each of the three 
patients. In Cases 1 and 3, there had been marked gastro-intestinal dis- 
turbances and dysentery ten or twelve years before. 

The complication of tuberculous peritonitis, present in Case 1, has 
been reported several times and is perhaps second in frequency only to 
pulmonary tuberculosis. It is noteworthy that in both the other cases 
there occurred an acute parotitis. In Case 3 septicemia was demonstrated 
by blood-culture. In Ridder’s case, also, there was an otitis media wit! 
staphylococcus septicemia and bilateral purulent parotitis. At autopsy 
both glands were heavily pigmented and showed numerous abscesses. 
These were found also in the kidneys and heart muscle. 

The Wassermann reaction was negative in the two cases in which this 
test was applied. 


PATHOLOGY 


At autopsv the most striking finding is the ochre or bronze color of 
many of the glandular organs, the heart muscle and lymph-nodes. In 


addition, there is usually a much enlarged and cirrhotic liver and more 
or less pronounced changes in the pancreas, either a small atrophic organ 
or an enlarged, fat infiltrated and fibrous gland, as the case may be. 

The spleen is large and firm, but varies little from its normal color. 
Ascites may or may not be present. 

The liver is a prominent feature in any post-mortem examination: 
small wonder then, that, with the peculiar abnormal coloring, the cir 
rhotic changes, the large size and often irregular contour. this “pigmen- 


21. Quoted from Heller (see note 9). 
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tal cir! cic”? hac ‘ garde s of commal ng ortance in tiie 
pathology « e diseas Yet the changes in this in differ but slight 
from those in the pancreas. The lymph-nodes, the spleen, the heart 
muscle and, occasionally, other organs show fibrous change of much less 
degree. 

Only those lymph-nodes which lie in the path of the lymph-stream 


from some heavily pigmented organ show in gross the ochre coloring, 
indicating clearly that they play but a passive part in this process. 

Microscopically, the pigment remains the center of attraction. This 
is of several different kinds: hemosiderin or iron-reacting pigment; 
hemofuscin or non-iron-reacting pigment; the increased amount of those 
pigments physiologically present in certain situations, as that of the 
adrenal reticular zone, the substantia nigra, the epidermis, the interst 
tial cells of the testis, and the finely divided yellow pigment (described 
in Case 3) in the tubules of the testis, epididymis, vas deferens and 
seminal vesicles. 

Hemosiderin is the predominant and much the most conspicuous 01 
the pigments. The wide extent of its distribution may be seen in the 
report of these three cases. The characteristic sites of its deposit are in 
the parenchyma cells of the glandular organs and in the muscle cells of 
the heart. It is found in the connective tissue of an organ only when the 
essential cells « ‘e+ organ have disintegrated and deposited it in the 
intercellular spaces. It occurs, also, in the lymph-nodes, in the spleen, 
in certain cells of the cutis, and in the endothelial cells of blood-vessels 
in certain situations. 

Hemosiderin has no definite and fixed chemical composition, but all 
the granules contain iron, since this is the criterion by which they are 
recognized as hemosiderin. Its iron content may be readily demonstrated 
in gross and microscopically by the use of the usual reagents, ammonium 
sulphid, or potassium ferrocyanid and hydrochloric acid. 

The amount of iron in certain organs, notably the liver, pancreas and 
lymph-nodes, is enormous. As Auscher expressed it, the lvmph-nodes 
had been converted into veritable mines of iron. 

Table 3 shows the iron content as determined in the cases of Anschiitz 
and Hess and Zurhelle in comparison with the normal and an extrem 


case of siderosis in pernicious anemia by Quincke. 


ranre 3.—Tron CONTENT OF LIVERs PANCREAS AND LYMPH-NODE 
Liver— —Pancreas Lymph-Node 
Dried Ash Dried Ash Dried Ash 
Substance Substance Substance. 
C C C C P 
Normal Oidtmann 0.08 


Pernicious Anemia (Qt 
Hemochromatosis (Ans« 
Hess and Zurhelle 


~j +] tO 
x 
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In these cases the liver contained almost 100 times the normal amount 
of iron. Hess and Zurhelle estimate the total iron in the liver of their 
case at 38.7 gm., about fifteen times that contained in the hemoglobin of 
a normal person and at least ten times that in the whole body of the 
average human being. 

Hemofuscin varies greatly in the cases of this series. In Case 1 in the 
tissues examined it is hardly appreciable, scarcely more so in Case 2, 
while in the third case it approaches the relatively large quantity described 
by several other writers. The morphology differs somewhat from that of 
hemosiderin. It occurs in finer grains more evenly distributed through- 
out the cell protoplasm and has a lighter yellow color, rarely a darker 
brownish tint. It is found characteristically in connective tissue cells, 
in the capsules and trabecule of lymph-nodes and in the walls of blood- 
vessels, especially those of the lymph-nodes and gastro-intestinal canal, 
though von Recklinghausen describes it in the vessel walls widely distrib- 
uted throughout the whole body. Chemically this pigment does not give 


a reaction for iron, is much more resistant to acids than is hemosiderin, 


and, according to Buss,?* takes a dark stain with methylene-blue. It dis- 
appears from sections treated with dilute alkalies or with hydrogen per- 
oxid, neither of which affects hemosiderin. 

Some confusion exists regarding just what pigments should be desig- 
nated as hemofuscin. Certain authors seem to consider all pigments not 
giving an iron reaction as hemofuscin. Since the different microchemical 
methods vary considerably in their efficiency in the demonstration of 
iron, the Perl method showing less than the ammonium sulphid or the 
combination of the two suggested by Nishimura, it follows that the rela- 
tive amounts of hemosiderin and hemofuscin in the same tissue would 
vary with the method used or in the hands of different observers. It is 
the contention of Hess and Zurhelle, as well as of others, that no sharp 
distinction can be drawn between them since they find both pigments 
side by side in the same cell. The non-iron-reacting pigment in the 
glandular cells resembles hemosiderin morphologically and is quite differ- 
ent in appearance from that found in the trabecule and capsules of 
lymph-nodes. The two extremes at any rate have very distinct differences 
which have already been indicated. 

Several workers have noted increased pigment in the organs where it 
is found under physiological conditions and say, further, that in these 
regions an iron-containing pigment is never deposited. This, however, 
does not hold true for the heart muscle cell. 


So far as I know, the striking accumulation of fine vellow pigment in 


the sexual organs in Case 3 is unique. Hess and Zurhelle mention in the 
| 
gross description of one of their cases an intense pigmentation of the 


22. Buss: Ein Fall von Diabetes Mellitus mit Lebercirrhose, Pankreas-atrophie 
und allgemeiner Hemochromatose, Inaug. Dissertation, Giéttingen, 1894 
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seminal vesicles, but no microscopical examination was made, nor is there 
any report of other portions of the genital tract. The seminal vesicles 
frequently show a similar pigmentation of much less degree, especially 
in old or functionally inactive cases. 

Increase in connective tissue is found in those organs, notably the 
liver and pancreas, in which great numbers of the cells have degenerated 
and deposited pigment in the interstitial spaces; and in the lymph-nodes 
and spleen, to which the pigment has been conveyed through the lymph- 
and blood-streams. 

Individual cases of hemochromatosis present distinct differences in the 
distribution and extent of the lesions in various organs as may be seen 
hy a comparison of the three cases here reported. Some idea of the grade 
of the process may perhaps be obtained by attention to certain details. 
In Case 2, for instance, the even distribution of the pigment in the liver 
cells with relatively few and small focal areas of extreme pigmentation; 
the fibrous nature of the connective tissue strands in the liver; the old 
sclerotic lesions in the pancreas; the degeneration of the cells in the 
glomerulation zone of the adrenal with pigment deposition in the inter- 
stitial tissue and the presence of this pigment in the lymphatics of the 
capsule; all these points together suggest to me a comparatively sluggish 
process of long standing. On the other hand, in Case 3, an acute and 
rapidly progressing lesion is suggested by the larger and more numerous 
focal areas of pigmentary degeneration in the liver and pancreas; by the 
more cellular nature of the connective tissue strands in these organs; and 
by the heavy pigmentation of the adrenal glomerular zone and of the 
cardiac fibers with little or no cellular disintegration and, consequently, 
no increased connective tissue. 

PATHOGENESIS 

Some idea of the development of the subject is of value in the discus- 
sion of its pathogenesis. These two phases will, therefore, be considered 
together in this section as briefly as is consistent with a clear expression 
of the authors’ opinions. 

According to Osler, Troisier, in 1871, was the first to mention bronzed 
cachexia occurring in diabetes. 

The first description to attract attention, however, is that of Hanot 
and Chauffard,”* in 1882. They described two cases of diabetes associated 
with pigmentation of the skin and enlarged liver. At autopsy there was 
cirrhosis of the liver and fibrosis of the pancreas with a great accumu- 
lation of brown pigment, both in the gland cells and in the interstitial 
tissue. 

Quincke,** Tillmanns** and Hindenlang** had already described cases 
with rather extensive pigmentation throughout the body, associating the 

23. Hanot and Chauffard: Cirrhose hypertrophique pigmentaire dans le diabéte 
sucré, Rev. de méd., 1882, ii, 385. 


24. Quoted from Opie (see note 3) et. al. 
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pigment deposits th severe anemias or with large extravasations of 


} 


Hanot and Chauffard consider the diabetes primary and the other 
manifestations merely complications induced by diabetic endarteritis 
Under the conditions of diminished circulation thus brought about, th 
liver cells produce more coloring matter than normally, leading to a 
leposit of pigment, a pigmentary hypergenesis. From the liver, the pig 
ment is distributed to other organs, probably, in an embolic manner 

Letulle, in 1885, reported two similar cases and was impressed by the 
extreme pigmentation of the heart muscle cells and by the appearance of 
degeneration in the pigmented liver cells rather than any indication of 
activity as might be expected in a hypergenesis. The pigmentation of 
the cardiac fibers with little or no pigment in the interstitial tissue, he 
considers an unanswerable argument against the embolic distribution of 
the pigment from the liver. He thinks the diabetic condition induces an 
alteration of the blood, the pigmentation being due to a reduction in situ 
of the hemoglobin whether it be of the blood or of the different tissues 

Brault and Galliard, in 1888, follow Letulle in believing the pigment 
deposit d wherever found in the gland cells, but emphasize the liver mors 
strong] They consider the diabetes and liver cirrhosis concomitant 
factors in the production of pigmentation. The altered blood-pigment 
furnished daily to the degenerated liver cells cannot be well elaborated 


1 


and util d by them and thus accumulates in the 


ylood and in the ot] er 


organs. 
In 1889, von Recklinghausen, under the name of “general hemoci 


matosis,”’ described a wide-spread accumulation in the organs of an iro! 


containing and an iron-free pigment, both of which he regarded as 
derived from hemoglobin, together with cirrhotic changes in the liver and 
pancreas. Most of the glands of the body were of a deep brown color and 
in their secreting cells he found the iron-containing pigment, which he 
called hemosiderin. 

He named the iron-free pigment occurring in finer granules, hemo- 
fuscin, and describes it in smooth muscle cells of the stomach and intes- 
tine, of the blood-vessels and lymphatics, and rarely in those of the 
urinary bladder, ureters and vas deferens; also in certain connective tissue 


} 


cells, those of Glisson’s capsule, the splenic trabecule, and the sheaths of 


blood-vessels. He described these peculiar findings as occurring in the 
course of different diseases, and gives diabetes as the cause in one case. 
Buss, in an inaugural dissertation published in 1894, reported a case 
having clinicallv the characteristics of the diabéte bronzé described by the 
French, and which in its pathology was the exact counterpart of t! 
hemochromatosis of von Recklinghausen. He discussed the then recent 
work on pancreas extirpation and its relation to glycosuria and consid- 


ered tl emochromatosis, caused by some primary blood disease of 
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unknown origin, to be the predisposing caus ir diabetes, W was 


induced by the severe pancreatic changes. 


Marie, in 1895, says we must look to the f ogiobin ot tT blood and 
tissues for such quantities of iron. In his opinion, the following is the 
sequence of events: dissolution of the hemog n of t ylood under thi 
influence of a general primary cause; transformation of the emoglobin 
into pigment granules by the action of the cellular protoplasm of the 


organs: exaggerated elimination and accumulation of the pigment in th 
organs by irritation and consequent atrophy of the cells; supplementary 


ination of the pigment by way of the lymph-channels wit rritation 


of these channels and the production of a sclerosis of the interstitial con 
nective tissue; and overloading of the lymph-nodes with pigment. 

He deplored the prevailing opinion that bronzed diabetes was an acci- 
dent or termination of ordinary diabetes. Some of his predecessors had 
:poken of it as pigmentary cirrhosis in diabetes, others as bronze cachexia 
in diabetes. To him, it was a true clinical and pathological entity, as 
distinct from the ordinary form as was, in his opinion, pancreatic dia 
betes, with which he would classify it rather than with any other form 

Acard,** Dutournier** and Jeanselme in their publications on the sub- 
ject during the next two years, agree in all essentials with Marie. 

Rendu and de Massary** in 1897, laying emphasis on cases of malaria 
reported with extensive pigmentation, conclude that the iron pigment, 
due to the particular action by the cellular protoplasm of a glandula: 
organ or of a cardiac cell on hemoglobin, is the result of a general 
cachexia of the organism, and that this cachexia may be caused by dia 
betes complicated with a cirrhosis of the liver, by an hepatic disease alone, 
or by the malarial intoxication. 

In 1899, Anschiitz published his very comprehensive paper in whicl 
he reports a case of his own with thorough pathological investigations, 
and collects and tabulates in an interesting way the twenty-four cases of 


blood 


bronzed diabetes published up to that time. In his opinion, the 
destruction of unknown origin is primary. At the same time, there is a 
diseased condition of the cells of the glandular organs, which, under som 


mysterious influence, take up and hold tremendous amounts of the prod 


ucts of blood destruction and undergo a gradual degeneration. In those 


organs in which the degeneration is most pronounced, there occurs a 


reactive inflammation resulting in connective tissue growth. The diabetes 


is a result of the extensive lesions thus induced in the pancr 

He remarks that “it is certain that a definite and significant blood 
dissolution occurs,” that without very active new blood formation si 
large amounts of pigment could not be deposited. He is naturally sur 


prised and somewhat nonplussed that there is never any sign of anemia, 


25. Rendu and de Massary Cirrhose et Diabét Bror 


1897, p. 58 
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that the brain and kidneys contain almost no pigment and the spleen 
relatively little. 

In the same year, Opie, after an admirable presentation of the subject, 
closes his paper with the following conclusions: 

“1. There exists a distinct morbid entity—hemochromatosis—charac- 
terized by the wide-spread deposition of an iron-containing pigment in 
certain cells and an associated formation of iron-free pigments in a 
variety of localities in which pigment is found in moderate amount under 


phvsiological conditions. 


“2. With the pigment accumulation there is degeneration and death 
of the containing cells and consequent interstitial inflammation, notably 
of the liver and pancreas, which become the seat of inflammatory changes 
acco! nied by hypertrophy of the organ. 


“3. When chronic interstitial pancreatitis has reached a certain grade 
of intensity, diabetes ensues and is the terminal event in the disease.” 
He thinks it 


ciated with intravascular destruction of red corpuscles, precedes the nig 


ossible that some primitive alteration of the blood, asso- 


ment deposition. 

Two years later, Abbott reported the first case of hemochromatosis 
occurring in a woman. Diabetes was not present. Pathologically, the 
des ripti ms are typ! al of the disease except that the pigmentation was 
perhaps a little less widely distributed than usual (none in suprarenals 
or kidneys, little in skin) and the liver was slightly smaller than normal. 

Her view is that some unknown primitive agency is at work on the 


red blood cells an 


1 on the parenchymatous cells of certain organs leading 
to the pigmentation. The cirrhosis results as a chronic interstitial 
inflammation from the presence in the tissues of the pigment set free by 
destruction of the parenchymatous cells. She is inclined to emphasize 
gastro-intestinal disturbances in the etiology and is rather doubtful as 
to the propriety of accepting this disease as a pathological entity. 

During this year, Murri reported, from a clinical standpoint, a unique 
case. The patient, a woman 59 years old, for fifteen months had experi- 
enced symptoms of diabetes and a darkening of the skin. The urine 
contained from 2 to 4.5 per cent. of sugar; the skin pigmentation seemed 
fairly typical of bronzed diabetes with the exception of pigment flecks 
on the buccal mucosa, but there was no sign or symptom of lesions in the 
liver, pancreas or spleen. At different times there were abdominal pain 
and pains in the groin radiating to the abdomen and leg. There was no 
fever. A piece of skin with subjacent lymph-node was removed and 
found to contain a considerable amount of pigment, some of which gave a 
doubtful iron reaction. After the administration of epinephrin tablets 
was begun, the urine became sugar-free. The patient’s condition 
remained the same for a while, then rapidly improved and, within less 
than a year after entering the hospital, she was discharged with most of 
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her weight regained, her urine physiological, and the abnormal skin pig- 
mentation entirely gone. In 1901, she had remained well for two years. 

As Murri says, this is undoubtedly a case of bronzed diabetes if we 
accept the name literally, but very unlike the disease as usually described. 
It is the only case on record of recovery, but its relation to hemochroma- 
tosis is not sufficiently established to give it a place among the well- 
authenticated cases of this disease. 

Murri holds that the frequent occurrence together of the three phe- 


i 


nomena, diabetes, hemochromatosis and cirrhosis of the liver, is not to 
be explained on the assumption that the process from which they arise 
is an individual and peculiar one; but that the disease processes, which 
are peculiar to each of the phenomena, possess certain characteristics 
which are partly biological (age), partly hygienic, partly toxic, and partly 
of diseased nature, but all of which reach a climax in an injury to the 
household of general metabolism. 

The rational conclusion is on the hypothesis, he says, of a general 
dystrophy of the cell elements of the body, brought about by long conti 
ued action of the causes which are at work injuring their metabolisn 
This dystrophy goes along with the diminution of a normal capacit) 
namely, the oxidation of carbohydrates, and with the occurrence of two 
abnormal properties. The one consists in the capacity of the tissues to 
absorb and fix blood coloring material, the other in the increase of con 
nective tissue, which, especially in the liver, assumes the character of an 
interstitial inflammation. 

In common with Murri, most of the other German writers in the past 
decade, Hess and Zurhelle, Aschoff and Hess,2* and recently Simmonds 
and Martineck.*” hold that the three striking phenomena of the disease, 
diabetes, hemochromatosis and cirrhosis of the liver, are independent 
of each other and are each referable to the same common cause. They 
emphasize alcohol as a most important etiological factor. 

Ridder considers a disease of the liver cells primary and follows 
Anschiitz in his opinion as to the causes of the cirrhosis and diabetes. 

Beattie, writing in 1903, is impressed by the possibility of a toxic 
agent derived from the intestine by way of the portal circulation, causing 
a degeneration of the cells of the liver, pancreas and other glands and at 
the same time a cirrhosis of these organs. The pigment, he thinks, is 
due partly to the inability of the degenerated cells to perform properly 
their metabolic processes and partly to transportation from the liver and 
pancreas. While the cirrhosis is, in his opinion, due, chiefly, to the toxi: 
degeneration of parenchyma cells, it may, in part, be due to irritation 
produced by the pigment in the tissues. 

26. Aschoff and Hess: Clinical Presentation of a Case of Hemochromatosis, 
Berl. klin. Wehnschr., 1894, xli, 1231 


27. Martineck: Zur Pathogenese und klinischen Diagnose der Diabéte bron 
Charité Ann. Berl., 1909, xxxiii, 40 
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Parke -_ 2 a case in the same s the or ‘ } 
so many words q estions the occurrence of a abnormal b at ction 
and suggests that the chief factor may be a loss in the power of elim 
tion of certain iron-containing products rather than ar abnormal! 


amount of hemolysis. 


He. in common with Heller and Martineck, mentions a supposition 
neerning t nathogenesis of hemochromatosis which tl ribute to 
Croftan. I have een nable to find it in the elaborate form g 
them in any of the references to Croftan’s®® work which they cite. 
Croftan finds a ferment in liver extracts which he considers identical 
with trypsin, W s the power of breaking » hoth s nd her 
globin in the presence of each other, but is without effect on either, should 


1e other be absent. According to the authors just named, the suppo- 


sition is that some toxic agent produces a degeneration and chronic 


Ti 


inflammatory changes in the liver and pancreas. When the pancre- 
atic changes have reached such a grade of intensity that there is an 
insufficiency of the ferment trypsin, hyperglycemia results. Under the 
influence of this increased sugar content of the blood and in the absence 
of trypsin, the hemoglobin is changed into hematochromatin. The nor- 
mal liver has the power of removing this abnormal pigment, but the 
cirrhotic liver lacks this ability; hence occurs the accumulation of iron- 
containing pigment in the liver and other tissues. 

Réssle,*° in 1906, reported a remarkable case of a patient 29 vears 
old, who died in coma a few hours after entering the hospital. Patho- 
logically, there were found cirrhosis of the liver, wide-spread lesions of 
the capillaries with many small hemorrhages, and, most remarkably 
phagocytosis of the red blood corpuscles by the parenchyma cells. Thess 
unique findings were observed in the liver and kidney especially, to less 
extent in the pancreas, and not at all in the other organs. The pneumo 
coccus was isolated from the tissues at autopsy. 

He reviews the literature of hemochromatosis and considers his cas 
as the earliest form yet observed. The primitive cause, in his opinion, 
is an acute infection with wide-spread “capillaritis” resulting in hemor 
rhagic edema and phagocytosis of the blood corpuscles by the parenchyma 
cells. The subsequent change of the hemoglobin to hemosiderin produces 
the siderosis of those cells. There is a rapid regeneration of the blood to 


1 


normal after the acute stage has subsided. The cirrhosis may he due 


28. Parker: Case of Bronze Diabetes, Brit. Med. Jour., 1903, ii, 1052 

29. Croftan: Some Experiments on the Formation of Bile Pigment and Bile 
Acids: A Contribution to Our Knowledge of Icterus, Phil. Med. Jour., 1902, ix, 
75, 143; An Experimental Investigation into the Causes and Treatment of 
Diabetes Mellitus, Am. Jour. Med. Se., 1902, exxiii, 662. 

30. Rissle: Ueber Phagocytose von Blutkirperchen durch Parenchymzellen un 
ihre Beziehung zum haemorrhagichen Oeden und Beit 


path. Anat. u. z. allg. Path., 1907, xli, 181. 


zur Haemochromat 














partly to the “capillaritis” and partly to th truct t 
chyma. Diabetes is a terminal symptom. 

This view is of interest because it dé ts s rly f those 
usually given and ig founded on at servation teresting 
tself. But he fails entirely, it seems to . to substantiat s claim 
that there is any connection what et en sul f 1 and thos 

hemochromatosis. 

Several attempts have been made to roduce the disease in anima 
experimentally by injecting blood into the peritoneal cavit na vy pl 
ducing intravascular hemolysis b\ e use of sons s 3 t le 
diamin; but such procedures have failed to pi ng but the 


faintest analogies to hemochromatosis. 

Auscher and Lapique* and, later, Meunier,** produced, this way 
heavy pigmentation of the spleen, bone-marrow any domina] lympl 
nodes with less pigment in the liver. By increasing the amount of blo 


injected the disparity between the spleen and liver pigment deposits was 


diminished and they considered that they had reprod 1 the diseas 
There was never any connective tissue growth nor any reaction whatever 


even when the spleen contained a much greater amount of n than is 
found in any case of hemochromatosis. 

The most thorough work of this kind, of which I know, is that « 
Biondi,®* who poisoned dogs, cats and guinea-pigs with toluylendiamir 
administered by mouth and subcutaneously. In this way he produc 
anemia, jaundice and, sometimes, hemoglobinuria. Pigment deposits 
were found in the liver, spleen, bone-marrow and lymph-nodes, and occa 
sionally in the kidney and other organs. He thinks that in any case of 
hemoglobinemia the liver cells increase their secretion of bile (Pletochro- 
mie) and perhaps to such an extent as to cause jaundice without any 
obstruction of the bile-passages. The other part of the hemoglobin mole- 
cule, the iron-containing portion, is taken up by the leukocvtes, giving 
rise to what he calls siderifere Zellen, and in this wav to siderosis. These 
cells are carried through the blood to the spleen, bone-marrow. lymph- 
nodes and other organs. He says, therefore. that siderosis is the anaton 
ical exponent of bile secretion. (He found a certain amount of iron 


pigment normally present.) Only when the liver cells were degenerated 


and manifestly abnormal did he find hemosiderin within their prot 


plasm. He thinks the diseased cell has lost its normal capacity of ridding 


tself of the iron-containing portion of the hemoglobin mol I Tl 
31. Auscher and Lapique: Quelques recherches chin 3 sur ur us de diabate 
pigmentaire, Compt. rend. Soc. de biol., 1895, 402, 510: 1898, 185 
32. Meunier: Contribution expér. A l'étude pathogeniqu 1 cirrhose pig 
mentaire, Thése, Paris, 1898. , . 
33. Biondi: Experimentelle Untersuchungen iiber die Ablagerung von ¢ 
haltigem Pigment in den Organen infolge von Hiiematolyse, Beitr. z. 7 \ 


1. z. allg. Path., 1895, xviii, 176 
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siderosis of the liver cells, then, he says, is an expression of their alter- 
ation. Anschiitz t it this a particularly happy statement of the case 
and apparently considered this portion of Biondi’s work applicable to the 
parenchymatous siderosis in hemochromatosis. The picture which h 


draws of the genera! siderosis in these experiments has little or no reser 
lance to that af | chromatosis. 


1 


Most authors who express an opinion on this point think that, 


n addition to s njury to the parenchyma cells, an increased blood 
destruction is an essential factor in the production of such heavy pigment 
posits. Othe eem tacitly to accept this prevailing opinion. 


Melt : suggested that by some fault in the mechanism of iror 


tabolism by wl this metal is excreted, the organs and cells of th 
vody retain all or st of the iron which reaches them on its norm 


round through the body. Parker, also, asks the question whether it ma\ 
ot be possible that the essential factor is a failure in the elimination of 


+} } 7 ] . : 
iron rather than an increased hemolysis. 


Since the work of M. B. Schmitt,** it has been generally accepted that 
all iron-reacting pigments have their origin from hemoglobin, and that. 
although a pigment fails to respond to the available microchemica] tests, 
it cannot be said that it does not contain iron. According to Schmitt. 
the iron-reacting pigment represents only a stage in the continual devel- 
opment which these pigments are undergoing. Hemofuscin, then, is 
really the older state of the same pigment, which at an earlier period 
would have given a positive reaction for iron. By a further elaboratior 


+31) 


of this conception, Schmitt comes to the conclusion that melanin is a st 


later stage beyond the hemosiderin and hemofuscin period. 

Many workers in metabolism experiments have proved that iron salts, 
whether organic or inorganic, administered by mouth, subcutaneously or 
intravenously, cause a deposit of an iron-reacting pigment in various 
parts of the body without any evidence of blood destruction. Wells,®* in 
speaking of melanin, after mentioning the fact that the amount of iron 
present is usually extremely small, and often is entirely absent, says: 
“Furthermore, the presence of iron is no proof that the pigment is 
lerived from hemoglobin, since many other proteids contain iron.” 

That iron forms an integral part of various tissues of the body and 
exists in firmly bound organic form is certain. Especially in nuclein 


substances iron has been found in relatively large amounts. According 
to Hammarsten,*’ a large amount of proteid substance of the liver exists 

34. Meltzer: The Pathogenesis of General Hemochromatosis (Diabéte Bronzé 
Med. Rec., New York, 1900, Ivii, 43. 

35. Schmitt: Ueber die Verwandtschaft der hiimatogenen und autochthonen 
Pigmente und deren Stellung zum sog. Hiimosiderin, Virchows Arch. f. Path 
Anat., 1889, exv, 397. 

36. Wells: Chemical Pathology, W. B. Saunders Co., 1907, p. 393 

/  & Quoted from Meinertz: Ueber den Ejisenstoffwechsel, Zentralbl. f. d. ges 
Physiol. u. Pat Stoff hs.. 1907 (new series ii, 652, 689 
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as an lron-contalning 


nucleoproteid. Zaleski*’ isolated such a combina- 


tion and called it “hey atin.” Schmiedeberg*’ described an iron-contain- 
ing nucleoproteid, rich in nucleic acid, “ferratin,” which on hydrolysis 
yields a nuclein base, a pentose and levorotatory xylose. 

What function tissue-iron serves is not well known. Schmiedeberg 
considers ferratin as reserve iron for blood formation. He gets a diminu- 
tion in the ferratin content of the liver by the administration of iron-poor 
food and by repeated blood letting. It is known that in many chemical 
reactions iron is very potent as a catalyzer and in recent times catalytic 
reactions in the organism are being looked on with increasing favor. 
Spitzer*’ ascribes to iron a definite rdle as an oxygen-carrier. The oxidiz 
ing power of water extracts of the liver is due, according to him, to an 
iron-containing nucleoproteid, which is contained also in other organs 
Iron is found in both split products, the nucleic acid and the proteid ; 
bot 


sists as long as the split products contain iron. 


1 
} 


h are oxygen carriers. In further splitting, the oxidizing power per 


Dastre and Floresco** accept the oxygen-carrying capacity as an 
important function of liver iron. They show that in certain inverte 
brates, the cephalopodia for exampie, the liver, so important in metaboli 
combustion, is rich in iron. The blood, on the contrary, does not contain 


iron. In these animals, certainly, the tissue iron is entirely independent 
of blood destruction, whatever may be said of the higher species. 

A. B. Macallum,® basing his results on microchemical tests devised 
by himself, states that iron is found in all nuclei in amounts proportional 
to the chromatin. Assimilated iron is present in the cytoplasm of cells 
in higher animal forms in yoke-holding ova, the cells of yoke-holding 
embryos, and the hematoblasts of vertebrates. In addition, iron occurs 
in the cytoplasm of ferment-forming gland cells of all descriptions. 

It is precisely in these ferment-forming gland cells that hemosiderin 
is deposited most characteristically in hemochromatosis. 

In the majority of the cases in the literature, no blood examinations 
are reported. There are, however, some available figures. An average of 
four red cell counts made in the three cases of this series shows 4,709,000 
cells per cubic millimeter. The hemoglobin estimations by different 
methods never fell below 90 per cent. Jeanselme gives as the first count 
in his case 3,379,000 red cells with 90 per cent. hemoglobin. Eight days 
later, one week before death, the count was 3,308,000. He noted no 
abnormal nucleated cells. The coagulability of the blood and retraction 
of the clot were normal. Spectroscopic examination of the blood serum 
showed no hemoglobin. 


38. Dastre and Floresco: Function martiale du foie chez tous les animaux en 
général, Arch. de physiol. norm. et path., 1898, x, 176. 

39. Macallum: See note 7; also Die Methoden und Ergebnisse der Microchemi« 
in der biologischen Forschung, Ergebn. d. Physiol, 1898, vii, 552 
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l | : cases, the counts were 4.8 10.000 and 5 1) 
87 per cent. and 95 per cent. respectively. Spectros 
it10n I blood in the second ¢ ise, made b D Iter Jones 
ed only t normal absorption bands of oxyhemog Ir 3 
the urine was examined for hematoporphyrin as a test of | EE 
lestruction, but this substance could not be demonstrated 
In Osler’s case, the red cell count was above normal and no nucleated 
reds were seen in a differential count of 200 white cells. Ridder gives 
two red counts in his case. 4.800.000 and 400.000. t , " 
tions in two differential counts of the leukocytes. 7 
The bone-marrow of the femur was examined in tv : 
Case 2 shows practically a normal picture. The 1 n Case 3 is 
slightly hyperplastic, but there is nothing to indicate ar nus tive 
hematopoiesis. 
Insignificant purpura has been described in a f cases staxis in 
others and hemoglobinuria in one. These findings have been emphasized 
bv different writers The majority of the reported cases, howev show 
no such lesions. ; 
Having failed to find in the clinical examination of the blood and in 
the histological appearance of the hematopoietic organs any reason to 
believe that there is a primary pathological blood destruction or blood 
alteration of any kind, we will direct our attention to the iron compounds . 
of the tissues. . 
- 


+ 


That increased blood destruction is not necessary to account for the 
large amounts of iron found in the tissues in this disease may be shown : 
by a simple calculation, provided we assume a marked retention of the 
Iron excretion occurs, principally, by 

- 


iron which is normally excreted. 


7 


way of the alimentary tract and, to less extent, in the urine in cases of 
blood or tissue destruction. The question of its retention should be.thor- 
oughly investigated by chemical studies during the clinica servation 
of the patient. 


Hess and Zurhelle estimated the total iron in t ver | heir case, 
which contained a very high percentage, at 38.7 gm. Twelve additional 
grams for the pancreas, heart, lymphatic tissue, etc., is certainly a liberal 
Ulowance. This gives us 50 gm. of iron accumulated in the body. The 
whole amount of blood in the body of a man is said to contain 
m. of iron. It is estimated that one-tenth of the red nuscles 
1] ’ yy 


physiologically each « 


’ 
, 


iron. At this rate, if little is lost by excretion, 50 gm. of iron might 


be accumulated in less than seven months, which would be a 1 shor 


ourse for the disease judged even by the period of active svmntoms 

We may suppose that under some unknown influence th s a chang 
n the equilibrium of the different cell constituents and under the changed 
conditions certain chromogenic groups of the proteid n no 
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longer | 1 in the usual chemical and physical form and are deposited 
nm 4 hes C vias - } The i whe 1] i+ thi 
1 the sha i gment granules. The important cell constituent thus 
ost is being constantly replenished in the case of the glandular organs 
from the iron-containing portion of the hemoglobin molecule derived 


I 
from the physiological dissolution of red cells in the circulating blood 


Different cells are affected in varying degree. Newly regenerated cells 
may resist for a while, but on becoming physiologically active, they, too, 


suffer from the same pathological process, but of course, show much less 


pigment than their fellows (Fig. 6). 
r 1? | 


rhere is, then, a cell degeneration leading in the most active cells t 


ass t10n, ie both to the pigmentary degeneration of the protonlasn 
ard t umulated pigment acting as a foreign body within the cell 
membrane. Differences in the chemistry of different cells could account 


for the chemical differences in the pigment found. 
I would regard the sclerosis in different organs as a result of chronic 
interstitial inflammation produced, as Opie says, by two factors: pig 


mentary degeneration of the parenchyma cells and irritation produced by 


the presence of the pigment in the interstitial tissue. The latter facto 
is well illustrated in the lvmph-nodes where the amount of fibrous tissu 


is r hly proportional to the pigmentation, and where in some cases 


(Case 1) foreign body giant cells are easily found. 
The pathology of diabetes is a much mooted question. Naunyn and 
a few others have ascribed the diabetes in this affection as well as in 


common diabetes to cirrhosis of the liver. Palma, Von Noorden and 


others hold that diabetes and liver cirrhosis occur together so rarely that 
they nnot be considered more than the coincidence of two common 
diseases 

The relationship of chronic interstitial pancreatitis to diabetes has 


been fairly well established, and according to Opie, Anschiitz, Marie and 
others, it is in the pancreas that one must look for the cause of the dia- 
} 


betes of hemoc! 


romatosis. In practically all the cases which are reported 
in sufficient detail, there have been more or less pronounced lesions in the 
pancreas. Yet what pathologist would be willing to say from an exam- 
ination of that organ whether or not diabetes had been present? It is 
true that in Case 1 (simple hemochromatosis) the pancreas is more 
nearly normal than those of the other two cases, yet, it is in the islands 
of Langerhans in Case 1 that the pigment in the pancreas is most 
marked (Fig. 2). These structures seem relatively unaffected in the 
other cases which showed diabetes. Again, the pancreas from Case 3, 


marked diabetic, seems less severely diseased than that of Opie’s case, 


sections of which I have had the opportunity of examining. In his case, 


present in the urine, nor were there ever any other symp 
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Emphasis has already been laid on the probable function of the iron- 
containing tissue compounds as catalytic agents, especially in oxidizing 
processes. There are, apparently, serious disturbances among these com- 
pounds in hemochromatosis. It is not surprising, therefore, that we find 
a diminution of the capacity of the organism to oxidize carbohydrates, 
without looking for further gross changes in any one organ. This view, 
it seems to me, would harmonize better with those cases in which the 
sugar disappears from the urine for varying periods. The process as 
outlined above, need not necessarily be continually active, nor present 
always in the same degree. It may well be that fluctuations occur and 
that the periods of lessened activity in the morbid process become mani- 


fest in a diminution or disappearance of the glycosuria and perhaps 
improvement in other ways. Similarly, in those cases in which the proc- 
ess is sluggish from the beginning, glycosuria may never appear and 


} 


abnormal metabolism along other lines produce the weakness and cachexia 
of these cases of simple hemochromatosis. 

Concerning the unknown influence which inaugurates the pigmentary 
changes and the mechanism of the pigment deposit, very little can be said 
at present. 

Opinions concerning the origin and deposition of melanins, the most 
extensively studied pigments, have undergone radical changes in recent 
years. They are no longer regarded as being composed of the products 
of hemoglobin, but rather as having an origin in albumin, especially in 
those products with an aromatic or heterocyclic nucleus (tyrosin, etc.). 
It is thought that from these, under the action of various oxidizing fer- 
ments, the melanotic pigments are formed. Gortner*® has recently demon- 
strated that the pigmentation of the integuments of the larva of Tenebrio 
molitor is the result of the interaction of an oxydase and a chromogen. 
The process of coloration is capable of preceding in the absence of life, 
but ceases entirely if the enzyme is killed by heat or if oxygen is with- 
drawn. 

Brown“ has recently shown that hemosiderin may be produced out- 
side of the animal body and is increased in the liver of rabbits during 
autolysis for a period of from twenty-four to forty-eight hours. Since 
this post-mortem hemosiderin formation is most marked in parts of livers 
exposed to the air, he concludes that the hemosiderin is an oxidation 
product of hemoglobin due to enzyme action. 

In view of the fact that physiological pigment deposits may be due 
largely to enzyme action, we may consider this as a possibility, at least, 
in the abnormal pigmentation of hemochromatosis. Gortner says of the 


40. Gortner: Origin of the Brown Pigment in the Integuments of the Larva of 
Tenebrio Molitor, Jour. Biol. Chem., 1910, vii, 365. 

41. Brown: Changes in the Hemosiderin Contest of the Rabbit’s Liver During 
Autolysis, Jour. Exper. Med., 1910, xii, 623. 
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larva of Tenebrio molitor that the chromogen is present in very sn 
quantity and is probably secreted only as needed for the pigmentation, 
while the oxydase is constantly present in relatively large amounts. Per- 
haps the relations are much the same in human tissues and perhaps 
excessive chromogen is formed as an intermediary product in the peculiar 
degeneration of the cell protoplasm; and, acted on by the ever-present 
oxydase, is precipitated as pigment granules. This may be one explana- 
tion of the changes seen in the rabbit’s liver during autolysis and some 
experimental work now in progress indicates that such may be the case. 


SUMMARY 


Hemochromatosis is a distinct morbid entity characterized by the 
wide-spread deposition of an iron-containing pigment, especially in the 
secretory cells of glandular organs, by the presence of an iron-free abnor- 
mal pigment in certain situations, and by an increase in the pigmentation 
of those localities which contain pigment under physiological conditions. 

There is no evidence of any abnormal blood destruction or of repara- 
tory activity of the hematopoietic organs. 

Hemochromatosis may be considered a metabolic disease implicating 
many of the body tissues and manifested, especially, by a change in the 
chromogenic groups of the proteid molecule with the deposition of pig 
ments. 

As a result of the pigmentary degeneration and the accumulation of 
pigment in the interstitial tissue, there occurs a reactive inflammation 
with a fibrosis of various organs. 

The diabetes may be referable to the diminished exidative powers of 
the body due to the pronounced disturbance in the iron-containing con- 
stituents of the tissues, assuming these iron compounds to be catalytic 
agents in oxidizing processes. 

There is no constant predisposing cause. 

In conclusion, I wish to express my appreciation to Professors Barker and 
Thayer for the privilege of using the clinical histories, and especially to Dr. G. 
H. Whipple for his unfailing interest during the course of this study and for 
valued suggestions in the preparation of this paper. 


Johns Hopkins Hospital. 








BOOK REVIEWS 


DYSPEPSIA Its VARIETIES AND TREATMENT By W. Soltau Fenwick, M.D., 
Doctor of Medicine of the University of Strassburg. Cloth. Price, $3 net 
Pp. 485, with illustrations. Philadelphia: W. B. Saunders Co., 1910. 
fhe title of this be emphasizes an interesting change in medical thought 
Not many years ago it was considered an evidence of ignorance to use the term 
“dyspepsia;” anatomical names for diseases were considered the only ones 
proper for scientific men. So it was that the diagnosis of chronic gastritis 
tlourished jut me.hods of investigating functions enabled us to get a good deal 


of light on functional alterations in the stomach, and we can now use a fun 
tional term, well realizing that the recognition of a functional alteration does not 
imply the absence of anatomical changes, but rather the reverse. So, also, we 
are willing to take so general a term “dyspepsia” as a convenient designation for 
certain important conditions and use it as a basis for further work. Dr 
Fenwick gives an interesting study of a very large amount of clinical materia] 
18,000 cases, in fact; though for the purpose of this book 1,000 cases taken in 
equal proportions from hospital and private practice were utilized. The book 
has a very strong personal character; the main thesis is that dyspepsia is not 

“substantive disease dependent on the primary failure of gastric functions,” 
but that “in a large proportion of cases symptoms originate entirely in the 
intestines and ensue from a derangement of the liver, pancreas or bowels.” 
Fenwick also thinks that stomach dyspepsias are rarely primary, “but usually a 
consequence of a serious disease of another and perhaps remotely situated 
organ.” ‘The author reiterates these views in various ways, and although they 
will not strike some readers as being entirely original, there will undoubtedly 
be a definite gain from the belief in the complexity of dyspeptic alterations. 
Some older teachers fixed the same idea with illustrations of “vicious circles.” 
The author’s preface furnishes a guide to the understanding of the work and 
deserves careful study for that reason as well as for its many suggestive ideas. 
All who have had experience in the subject can confirm the statement that the 
“science of gastric diagnosis is the art of taking trouble.” The analysis of a 
thousand cases shows som> interesting variations in the existence of dyspeptic 
diseases; for example, hyperacidity he found twice as prevalent in his private 
practice, hypersecretion and hyperesthesia six times as prevalent in hospital 
practice. Gastric neurasthenia was four and a half times as prevalent in 
hospital practice. Gastroptosis occurred to the extent of 3 per cent. in hospital 
practice and 17.6 in private practice. The author gives a scheme for the 
analysis of cases of dyspepsia that has the fault of all similar schemes: it 
suggests an idea of simplicity, comparable to that in the case of plant analysis, 
which the advanced student realizes, does not correspond to actual conditions. 
The author’s classification of dyspepsia does not differ essentially from others 


generally used. He distinguishes secretory, motor, nervous and inflammatory 
alterations, ptoses, those due to foreign bodies and living creatures (the latter 
being dealt with rather cursorily); then the dyspepsias of infancy and old age, 
and those due to diseases of other organs. All through the work we see evidence 
of large personal experience and careful study. The chapters on hypersecretion, 
chronic gastritis and gastric neurasthenia are mines of information. The chapter 
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on achylia gastrica, on the other hand, will seem to many to be too short. The 
chapter on dyspepsias in various diseases and that on intestinal indigestion 
should be very helpful in the practical management of those conditions. The 
general practitioner as well as the advanced student will be able to derive 
much benefit from the work, and even the stomach specialist will find many 
interesting experiences and suggestions. The mechanical preparation of the 
book is very good and the proofreading in general excellent. Exception might 
be taken to certain nostrums mentioned with approbation. Surely they could 
be replaced by official preparations. 


DIAGNOSTIC AND THERAPEUTIC TEcHNIC. A Manual of Practica: Procedures 
Employed in Diagnosis and Treatment. By Albert S. Morrow, A.B., M.D., 
Adjunct Professor of Surgery in the New York Polyclinic. Cloth. Price 
$4 net. Pp. 775, with 815 illustrations. Philadelphia: W. B. Saunders 
Co., 1911. 


The author of this book truly says that there is no single book on the same 
lines. In Germany the two books of Gumprecht and Rieder cover the same 
lines, but are not, of course, widely useful in English-speaking countries. The 
present work combines descriptions of both diagnostic and therapeutic methods, 
in greater detail than is possible in works on practice. It is, therefore, especially 
useful to interns and young practitioners, but on account of the completeness 
with which the matter has been brought up to date, the book is likely to be of 
value also to experienced practitioners ind teachers. No method of value seems 
to have been omitted and in general the directions are clear, full and accurate. 
Much of the material is such as is usually considered in works on minor sur 
gery and it is perhaps natural that those chapters should be proportionately 
larger than others, but there is little actual cause for criticism in this respect. 
The remarks on blood-pressure are, perhaps, sufficient for anesthetists, but not 
for internists or general practitioners. Only one method of determining dias 
tolic pressure is given, and the importance of that determination seems under 
rated. Scarification is recommended for vaccination, and a denudation of 1% 
to 14 inch in diameter is recommended. Surely if the lymph is as good as it 
should be, so extensive an operation is not necessary. It is said that incisions 
draw too much blood, but why they should draw more blood in the United States 
than in other countries is not explained. Shields and gauze are recommended 
for protecting the lesions without any explanation of their dangers. The possi 
bility of complications, such as cellulitis, deep ulcers and erysipelas is mentioned, 
but the proper treatment for these complications is not even mentioned, nor its 
necessity emphasized. Tetanus seems to be attributed only to errors in the 
proportion of lymph. Surely it is much more important to call attention to 
the danger of infection after the operation. The directions for aspirating are 
excellent, but the illustration represents the preliminary puncture as unneces 
sarily large. Intratracheal injections are not mentioned; perhaps they are 
considered too special for such a work. The advice to use glycerin on the 
stomach-tube before passing is antiquated. The description of normal urine 
should hardly be necessary in a book of this kind, but if it is considered so a 
wider range of specific gravity than 1018 to 1022 should be stated. Among 
oceasional obscurities of language that regarding hydrochloric acid in cancer 
of the stomach may be mentioned. The reviewer gathers the impression that 
free hydrochloric acid must be constantly absent in order to make the diagnosis. 
Some very important cases will be missed if that is done. The dosage given 
illustrates the difficulty with which the metric system makes its way. One of 
the chief advantages of the metric system is the simplicity with which solutions 
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can be made rhe directions in this book would lead one to think that there is 
some special potency in complicated figures. How else are we to explain direc 
tions for making solutions for intravenous injection by taking 0.92 to 1.9 gm. 


of salt and 473.11 c¢.c. of water. Imagine, too, the timid mother measuring out ) 
59.2 ¢.c. of castor-oil and 118.4 cc. of “warm soapy water!” She should be as 
much impressed with the accuracy of the prescriber as the latter is when he 


f bismuth subnitrate or gm. 31.10 of starch. 


writes gm. 0.324 ¢ 


yg 


The criticisms are few in comparison with the large amount of really useful 
material in the book fhe numerous illustrations are well chosen and pleasing 


Altogether a wide and satisfactory use is to be predicted. 
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CEREBROSPINAL MENINGITIS DUE TO BACILLUS 
INFLUENZE 
REPORT OF TWO CASES, FROM ONE OF WHI THIS ORGANISM WAS 


OBTAINED IN PURE CULTURE FROM Pritt CIRCULATING 


BLOOD EIGHTY-FIVE DAYS BEFORE DEATH * 
LAWRENCE J. RHEA, M.D 
MONTREAL, CANADA 
Nervous phenomena in influenza are very common, but if we are to 
udge from the cases reported in the literature, meningitis due to Ba us 


influenzae alone is uncommon. 


Cohoe! in L909 reviewed the cases that had been reported up to thi 


me and added one case of his own. He was able to collect reports of 


twenty-four cases in which the diagnosis was based on bacteriologi al 
findings. Fifty-six per cent. of these cases occurred in children under 1 
vear of age. Eighty-five per cent. of the patients in Cohoe’s review died ; 
most of the cases came to autopsy. During the past two years several 
new cases have been reported.? 

The gross changes in the central nervous system of patients dying 
from influenzal meningitis have shown great variation in their situation, 


xtent and character. In most cases the lesions are confined to the tissues 


the meninges but the gray and white matter of the brain and cor 
be involved. The meningeal involvement is generally confined to 
he cerebrum, and the extent of the lesions in this location varies great 
In some cases only very small areas, in others the greater part of th 


rebral meninges, are affected. The eross character of the lesion in th 
neninges 1s not constant. In some of the eases no gross patholo: lea] 


} 


hanges could be se n: in others there was onl ongestion of the blood 
ssels; but there may be frank exudate. indistinguishable from that 
produced by the pneumococcus or meningococcus, intrapial ecchvmoses. 


irge or small intrapial hemorrhages. The macroscopical changes it 


1 


the gray and white matter of the brain and spinal cord vary with tl 


*Read before the American Association of Bacteriologists and Pathok 
M Ly, 1910. 

1. Influenza Meningitis Am. Jour. Med. Sc., 1909, exxxvii, 74 

2. Davis, Tr. Chicago Path. Soc., 1910, viii, 39-44, reports seven cases 
nfluenza meningitis From two of these cases Bacillus influenza was obtained 


pure culture Meyer in an article entitled: Ueber akute genuine Encephalit 
Frankf. Ztschr. f. Path., 1910, v. 532, gives reference to several artic! 


inenza infections of the centra 
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extent and aracter of the lesion. In a good many cases no gross changes 
are evident but there may be congestion of the blood-vessels. pale 
bright red areas ftening of varving size and number, or even abscess 
formation in the bran The cerebrospinal fluid may be perfectly cle: 
slightly turbi oud, 

The comparative few reported cases of cerebral infection wit 
Bar is influenzw may in part be explained by the fact that this orgar 
ism grows with difficulty and ma ” present without producing recog 
nizable vross changes. The correct diagnosis in such cases may easil 
overlooked nliess acteriological methods suitable for the isolation 


Bacillus influenza are employed and a thorough histological examinat 


7 


ide With the proper care Bacillus influenzae can be obtained from t 

eal ent the cases in which it is present, but small areas o 
encephaliti- av eas be overlooked. These areas mav be very few. vel 
small, and Jimite n their distribution. In such cases, unless sections 


from numerous locations are examined, the lesions may not be found 


Cerebrospinal fluids removed during life or central nervous svstems 


that at tops =the definite pathological changes will scarcely pass 
without care bacteriological examination, but often the special med 

necessary to grow Bacillus influenzae are not emploved. But the cases 
that deserve spec attention are not so much those that show definit 


pathological changes of the central nervous system as the ones that show 


ttle or no gross lesions. It is not uncommon to find little or no gross 


l 


change in the central nervous system of patients who showed definit 


signs and symptoms ot acute cerebral involvement, and the cerebrospin 
fluid removed from such cases during life very often appears norma 
This is especia true ol children. These Cases should recelve mol! 
careful bacteriological and histological examination. By the application 
of proper bact il methods and a careful histological studv Barci//us 
Auenzw mi ound to play a more important part in acute cerebral! 


or 


{ 


iditions than is generally thought: and some of the now obscure cond 
} 


ons, especially in children, may be due to the presence of this organisn 


During the past vear I have made bacteriological examinations of the 


entral nervous system of several children, emploving media on wl 


luenza grows best. These bacteriological examinations wer 
1 


made on patients who showed acute cerebral symptoms during life and 


} 


in whom the tissues of the central nervous system. as a rule. showed littl 


or no gross changes In two cases, not included in this report, Bac 
nfluenza ssociated with other organisms, has been identified 

The two cases here reported occurred in Boston during the past 
eighteen months. From the meninges of one case and from the cerebr 
spina! fluid and reulatin blood of the othe Ba Ss niluenza w 


obtained in pure culture. 


a 


id 


ASE | {ente cerebrospinal meningitis with extensive intrapial hemorrhacae 
emall areas of acute encenhalit Death on the fourth dau of the disease 

















LAWRENCI J. RHEA 
Clinwal History.—tThe patient was a male child 6 months old who had been 
bottle-fed, and always had been sickly rhe present illness began rather suddenly 
three days before admission to the hospital of the Massachusetts Infants’ Asylum 
The child was restl Ss and refused food. On the second day ot the illness cerebral 
symptoms developed and increased in severity until death, a few hours after 


entering the hospital 





Extract from the Autopsy Protocol (H-10-174) Body of a poorly developed 
poorly nourished male child rhe external orifices are normal The mucous 
membranes and thoracic and abdominal muscles are very pak The axillary and 
inguinal lymph-nodes are not hypertrophied 

Peritoneal Cavity, Pleural Cavities and Pericardial Cavity: Normal 

Heart: Weight 19 om It is very pale 

Lungs: Irregularly distributed over the pleural surfaces of both lungs are 

number of small, fairly sharply outlined, bright red, firm areas, which extend 
a short distance into the underlying lung tissue There are a number of similar 
areas scattered throughout the parenchyma of both lungs The mucous membrane 
of the bronchi is deeply injected 

Spleen: Weight 8 gm Dark red and firm The germinal centers are bare! 
visib 

Gastro-Intestinal Tract [his shows no eviden of diseas« 

Par Norn 

Live P 

G B le Slightly distended with normal bil 

nevs Weight. 30 om Cortex, 3 mm Parenchyma is ver pa 

\drenal-. Aort ind Genital Organs: Normal 

Orgar f Neck lonsils are small The mucous membrane of t pharvi 
larvn nd trachea is deeply congested 

Heat rhe external é¢ars, scalp and calvarium are normal 

Cerebrum The great longitudinal sinus contains a small amount of post 
mortem clot and blood-stained serum Che blood-vessels of the pia are everywhe 
deeply injected There are large and small, irregularly distributed, intrapia} 
ecchy most s and hemorrhagic areas rhe ecchymoses are small The hemorrhagi 
reas re rregularly distributed and they vary in size and sl} ipe They are 
smaller throughout the right lateral hemisphere Ihe left lateral hemispher« 
shows a irge, irregularly shaped, fairly well-circumscribed area of bright red 
intrapial hemorrhage, 3.5 by 5 en This is situated in the meninges on eac 


side of the Sylvian fissure, and extends down into the pia. covering the Svlviar 


fissure itself, and on to the under surface of the left parietal lobe There ar 
i number of smalle intrapial hemorrhagic areas over the entire left cerebral 
hemisphere, most numerous and extensive in its anterior half The tips of t 
frontal lobes show similar areas Some of them extend on to the mesial surfa 
of these lobes All of the hemorrhagic areas are elevated and bright red ul 
on section are seen to involve the entire thickness of the pia The blood-vess 
ot t brain substanee are deeply injected, but no gross hemorrhages or ars 
of softening are visible The ventricles are not distended The fluid 


then = clear and is not increased in amount 

Spinal Cord This shows marked congestion of its blood-vessels There are 
no gross hemorrhages or areas of softening 

tnatomical Diagnosis Acute hemorrhagic meningitis acute encephalitis 
bronchopneumonia acute pharyngitis, laryngitis and bronchitis 

Bacteriological Findinas Cultures taken from the hemorrhagic areas in t 
pia and planted on agar-agar smeared with fresh human blood show a pu 


culture of Bacillus influenza Cultures made from the heart’s blood are steril 


} 


The bacillus isolated from this case showed the following chief characteristics 


a very small, moderately thick, Gram-negative, rod-shaped, non-motile bacillus 
which stains with difficulty with the ordinary stains In warm 33 per cent 
carbol-fuchsin the organism stains sharply Some of the bacilli stain mors 
deeply at the ends rhe cultures rapidly take on involution forms Cultur 


character—aerobic When first isolated. the organism or with diffieultv an 
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only in the presence of hemoglobin. On agar-agar smeared with fresh human 
blood dewdrop colonies appear in the course of twenty-four hours. These colonies 
as a rule remain separate. In plain bouillon to which a drop of sterile human 
blood has been added the organisms 


grow fairly well 
Histological Report.—Tissues for examination were fixed in aleohol, Zenker’s 
fluid and 10 per cent. dilution of liquor formaldehydi. The following stains were 


employed: eosin and methylene blue, hematoxylin and eosin, Gram-Weigert- 
Mallory’s connective tissue and phosphotungstic acid hematoxylin stains 


The lungs show numerous smal! areas of acute bronchopneumonia In these 
areas the capillaries are distended and the alveoli contain n any red blood-cor 
puscles, a few polynuclear leukocytes, and a good many delicate bacilli These 
bacilli morphologically correspond to Bacillus influenza rhe remaining viscer: 


are normal 

Cerebrum: Sections from the bright red areas show intrapial hemorrhages 
which force the tissues widely apart. In addition to the red blood-corpus 
which predominate, there are in these hemorrhagic areas a good many polynuclea 
leukocytes and a few endothelial leukocytes. The leukocytes are phagocytic, con 
taining brownish-red pigment, the remains of disintegrated red blood-corpuscles 
rhere are also a few very delicate, poorly staining bacilli, both intracellular and 
extracellular. Numerous sections of the brain and spinal cord were examine: 
They all show marked congestion of the blood-vessels, and an occasional smal! 
vessel in the cerebrum has about it a narrow zone of perivascular hemorrhage in 
which an occasional polynuclear leukocyte is seen. In one section, taken fron 
the left cerebral cortex, there is a small perivascular hemorrhagic area in which 
there are numerous white blood-cells, mostly polynuclear leukocytes; a smal! 
area of acute encephalitis The spinal cord shows marked congestion of its 
blood-vessels but there are neither hemorrhages nor areas of acute cellular 
exudate. 


This case is of interest because Bacillus influenze was obtained it 


pure culture from the meninges and on account of the intrapial hemor 
rhages, acute encephalitis and the perivascular hemorrhages. In some of 
the reported cases of general septicemia due to Bacillus anthracis a sim- 
ilar, though more diffuse, acute intrapial hemorrhagic condition has been 
described. But besides these cases such extensive intrapial hemorrhag 

exudate as was present in this case is rarely seen in acute meningeal 
infections. The microscopical areas of acute encephalitis are of interest, 


as well as of importance. These lesions, as noted, were not visible in 


the gross and were found only after a careful study of the histological 


material. The areas of acute encephalitis in influenzal meningitis ma 
have some bearing on some of the temporary as well as the permanent 
paralyses of children following acute cerebral conditions other than gen 
uine anterior poliomyelitis. If an area of encephalitis should occur in 


the cerebral center for any given muscle or group of muscles, a temporar 
or even permanent paralysis of those muscles might result. This sugges 
tion is borne out bv observations of others. In Cohoe’s review. one of the 
f 


patients who recovered from an acute attack of influenzal meningitis had 


a permanent facial paralysis and a partial hemiplegia. 
3. I wish to thank Miss E. M. Carl for assistance in the bacteriological wo 


and for cutting and staining the sections on which the histological report is 
based. 


















































hig 2 Pathologi changes in cerebr« S| inal meningitis due to Bacillus influenza; from 
microphotographs \. transverse section through hemorrhagic area in meninges of Case 1 B. 
transverse section of spinal cord, Case 2. Note the marked fibrous thickening of the meninges 
(, artery in pia of spinal cord near anterior commissure, Case 2 Note the loealized fibrous 
thickening internal to internal elastic membrane D. arterv in meninges of base of brain from 
Case 2 lhere is uniform fibrous thickening of the tissues internal to the internal elastie mem 
brane Kk. artery in meninges of pons from Case 2 The lumen is replaced by connective tissue 
in which there are small endothelial-lined spaces containing red blood-corpuscle a canalized 


thrombus 
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LAWRI VCL J RHEA 
ase 2.—Acute ce ebrosp nal meningitis and general septice a due to Bacil 
nfluenzda Death fro internal hy rocephalus eighty-nine days ufter the 
of the disease 
linical History.— fhe following linieal history Was obtained from Dr. Wilder 
the physician in charge The } itient was a girl 5 years ‘ i She had 
ild whose ligestion was easily upset. the present 
ough. At this 


headache and < 
after the onset 


delicate ¢ 


been a 
on May 17, 199%, with fever, 
of the disease 


<= began sud ienly 


ilne 
time the throat was very red. On the fourth day 
lumbar puncture wa® pert rmed and cloudy fluid un ler considerable pressur 
vithdrawn. The headache was severe for the first six days, then it abated 
ind the other symptoms of meningitis became less pronounced Fever was pres 
nt throughout the entire illness, @ period of eighty nine days rhe pulse was 
ysually increased in frequency Beginning on the seventy-third day aiter the 
mset of the disease there were occasional atta ‘ks of transitory bradycardia; the 
eart-rate would fall quite suddenly (but not instantaneously from about 140 
to 1ts former rate or more within a few minutes. 
labored, and 


During 


the 


given sul 


2 
od 


Nt 


50, to rise agai 
the respirations became markedly slow and 


The attacks “W 


70 or even 
these attacks 
usually unconscl us 
eutaneously in full doses. 

of the illness to 


the beginning 
n, and retained up 


sre was ness ere not prevented by atropin 
There was 4 progressivé loss Oo. wel ht from 


2714, pounds at 
to the thirty third 
from that 


the time ot death 


%, pounds at 
yurishment Was well take dav of illnes 
yomiting began and was 


a troublesome feature time on The 
nausea The bowels were 





when 
vomiting was of the cerebral type without retching OF 
onstipated throughout the disease. There was incontinence of urine in the last 
few days Pain in the back of the neck and in the legs was complained of at 
times. A complete ik ft-sided hemiplegia appeared on the forty-fourth day of! 
lIness. This persisted with some improvement until death Ankle-clonus (now 
ted at various times, both before and aite! the 
on the forty eighth 


Oo 


} 
! 


day; this 


on both) was ne 
phenomenon was 
side. Ke rnig’s 


During the 
Strabismus was 


only once, 
present in the 


now 
emiple gia. Babinski’s 
was on the left 


but not very marked 
reacted to light. 


n one side, 
present 
first days of the 


life the pupils 
only toward 


sign was | 
last few weeks of 
pre sent 


ijisease, 
to paralysis 


were widely dilated, but 
the end and was due to independent movements of the eyes, not 
Toward the close they showed frequent alterations in size 
administration of 


The pupils were equal 
even after the 


greatly i for short periods, 


hecoming contracted 
onal syst it the ape 


itropin. 
The heart was 


ind at the base 
The spleen was 


negative except for an occas 


} 


miv once 


plainly palp ible 
1 


red. 





rhe liver was not enlar 

rarked hypers the mouth 
part of the course 
urine, 


There was 4 


ecretion of 0 ucus mm 
there was otten 


f calcium phos 
slight trace of 


There was an 
of the disease 


latter 
the freshly passed 0 


+ this time was alkaline 


Urine.— During the 
consisting 


» heavy chalky deposit in 
The urine a 
occasional cast. 


a leukocytosis: 
2, 16,000 


very 


phate. 


rlbumin and : 
92, 34,000; May 27, 


in the latter 


un 
Blood There was May 29, 18.000; May 
28,000; May 31, 20,000; June \ marked pallor devel yped 


of the illness. 
ie to influence the 


part 
Treatment.—Early in the illness @" attempt was ma le 
by the use of hexamethylenamin and of Flexner’s antl 
Bromids per rectum 


meningeal inflammation 
serum. Neither of these was of real benefit 
ecine was pre pared 


controlling 
the infli 


An autogenous va 
obtained from 


meningococcus 
proved useful in 
pure culture of 


the cerebrospinal 
309.000,000 to 50 


the vomiting. 
1enza bacillus 


10, 13 and 19; dose, 


from a 
were made, June 
disease. ‘The organisms for 


Three injections 


fluid. 
900,000. They seemed to have no effect on the 
were grown in large bottom flasks. In these flasks was 
By this means 4 


a medium 2 cm. thick. 


with the oxyge" 


making the vaccine 


sufficient bloot 
of the medium was 


i-bouillon to make 
of the air 


placed 
in contact 


large surface 
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Dr. Wentworth 
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Report rhe fluid cbtained fr 
on the fourth day of the dise 


! eukocytes, mostly polynuclears, and a few 
ila ind extracellular bacilli The sediment 
is turbid fluid was smeared on the surface of 
esh human blood From these smears a pure 


as obtained 
the patient 1 


vere a 


| eigh 


| he organ 


weeks after the beginning of the illness, during which time 
septic temperature, a blood culture was made ler 
om one of the veins at the elbow ‘lates poured at this 
lies of a pure culture of Bacillus influenza to t plat 

ism isolated from the cerebrospinal fluid and the circulating 

f this case corresponded in every way with the one obtained from Case 
Protocol (H-09-456 Dr. Havthorn Body of a 
Over the entire body, wit 


Iwo 
an a 
ken f 
t color 


ym the 


leveloped, emaciated female child, 110 em. long 


exception of t 


tion of the s 


1 pa 
I 


cin 


rhe eves are hollow 


very pale NI 


ut Pupils I unequa 
& mn right mn in diametel! Miusecles of the thora ine i nr 
Peritoneal Cavit lhe surfaces are moist smooth and gtlis 
mesenteric lymph nodes are somewhat hypertrophi« the largest ! 
1.5 em. in diamete1 They are firm and very pale 
Pleural Cavities Surfaces normal 
Pericardial Cavity Surfaces normal The cavity contai f 
straw-colored fluid Pulmonary artery opened in situ contains semitluid blo« 
Heart: Weight 75 gm Endocardium normal Near the att ment of 
ortic cusp of the mitral valve and on its ventricular surface ther I 
small, vellowish pin-point areas of thickening On the aortic -surfa 
upper portion of the right coronary cusp there is a similar ior I} 
muscle is uniformly pale and firm Coronary arteries norn I 
closed 
Lungs: Pleural surface normal Parenchyma is pale and crepitant oly 
Both lungs show slight edema There are no visible or palpable ar 
solidation 
Spleen Weight 35 om It is rather soft the cut surface is 
Malpighian bodies minent Considerable bloos udheres ft 
craping 
Liver Weight 642 om Surface smoot! Anatomical 1 : 
dlistinet Bile-passages normal 
Kidneys: Combined weight 132 gm. Capsule strips easily, | ‘ 
pale surface Cortex averages 6 to 8 mm. in thickness and is \ 
ureters are slightly distended in their lower thirds 
Adrenals, Aorta, Genital Organs and Pancreas: Norma 
Gastro-Intestinal Tract There is no evidence of diseas 
ind solitary follicles are not prominent 
Organs of Neck rhe tongue is clean and pak Tonsils slig 
trophied;: they show no acute exudation. Lymphatic glands 
enlarged Thyroid and larynx normal Thymus weighs 6 
rather soft 
Hlead Exterr ears are free from discharge Scalp and ilva in 
normal The great longitudinal sinus contains very little blood Dural ves 
ire greatly flattened The brain is exceedingly tense and bulges through 
incised dura Pial vessels are moderately injected The convolutions of t 
hemispheres are broad and flat, and the sulei are shallow There are a numb 
irregularly distributed, fairly sharply outlined, pale. brownish-vell is 
thickening of the pia These areas are larger along the cours ft lar 
blood-vessels The largest areas of thickening are situated ove t} ! 
convolutions and along the fissures of Sylvius The anatomical markings 


iin, pe 


ms of the hands and the ankles, 


The axillary and inguinal lym 


Color is extremely pale Li 


nose are free from discha 


i/ [EDICINI 


om the lumbar pun 
“ase was turbid, and 
delicate, Gram-negat 
obtained from centr 
agar-agalr plate s st 


> 


eulture of Bae 


there is a fine, dry 
ph-glands are bare 


ps and mucous meml 


ns and medulla oblongata are obscured by a 








lve in 


fuo 
ga 


desqu 








by dense fibrous connective tissue I 
entricles are distended; the lateral ventricles contain 250 c.c. of clear, stra 
olored fluid which is under great pressure When this fluid is drained awa 
rough an opening made at the base of the brain, the dome of the cerebrun 
ittened and the ventricles are collapsed The circumference of the ft late 

tricle in its mid-portion is 12 en Phe verage thick: 
in substance is 1.5 e 
Spinal Cord ihe pla I the spinal cord 1s greatiy thi« ! " marke 
ne side It is tough and of a vellowish-white color Lhis pial thi enil 
> most pronounced in the cervical region, extends a short tance alo 
sterior nerve-roots, and thins out in the lower portion of the rd ! 
uses at the base of the brain contain a small amount of t-mortem ¢ 
Middle Ears: Normal 
vat ical Diaaqnosis Chronic cerebrospinal meningitis ! 
alus; chronic endocarditis—mitral and aortic valve 
cteriological Report Cultures were made at the autopsy on media mos 
rable to the growth of Bacillus influenza These cultures were taken fror 
e heart’s blood, liver, kidney and spleen, meninges of the brain an 
several areas in the cerebral tissue, and from the ere spinal fluid 
e all negative for the influenza bacillus 
Histological Report Tissue for examination was fixe n Zenker 
10 per cent. dilution of liquor formaldehydi and alcohol 95 per cent., and ine 
means of eosin and methvlene-blue, Gram-Weigert and Mallory’s con ti 
tissue stain and Mallory’s phosphotungstic acid hematoxylin, fat stain and V« 
fl’s elastic tissue stain 
Lungs: There are a few verv small areas of acut nilamn tic \ 
vanisms resembling Bacillus influenza are present 
Kidneys, Liver and Heart: These show a moderate amount of intracellu 
ihe remaining organs are unimportant 
Spinal Cord Histologically the meninges of the spinal cord il ‘ \ 
thickened by connective tissue which is infiltrated with Iwmphoecyt lhis 
thickening 1s most marked throughout one side Peripherally the meninges 
the cord show numerous newly formed blood-vessels; a fairly active process 
vanization rhe infiltrating cells are plasma cells and large and small lyn 
ytes Besides the thickening and cellular infiltration of the meninges of 1 
cord there are lesions of certain of the pial blood-vessels Some of the lara 
irteries show focal or diffuse areas of thickening of the inti: rhis inti 
t <ening is most marked in the arteries that run along the anterior comn 
ind is due to a dense connective tissue internal to the elast membrane 
rteries showing these lesions have their lumina some at infringed « 
ne examined showed complete occlusion 
Cerebrum: The thickened areas of the meninges of the brain show t 
veneral picture as is seen in the thickened areas in the pia of the cor 
blood-vessels in these areas of thickening show lesions similar to those in tlhe 
ord One of the small arteries at the left side of the base of the brair 
ilmost obliterated by fibrous tissue internal to the internal elastic membran: 
The lumen of one of the smaller arteries in the pia covering the pons is replaced 
by dense fibrous tissue in which there are several small openings lined with end 
thelial cells Some of these openings are lled with red blood-corpuscles Non 
I the sections t <amined =! owed lesions ort blood Vesst Is ot t he Dr iil ubst iT 
tself 
The connective tissue thickening in meninges of the co and brain 1s 
to the organ tion of an exudate | S101 the |} y iS most 
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ous thicken olf the meninges, 


which binds the pia to t ve 


s marked thickening of the meninges of the base of the brain beg 


the region of the optic commissure, extends backward along tl} 


infundibulum and corpora albicantia to the pons, surrounds t! 


extends upward ovel the anterior 








portion of the cerebellum I 
emispheres are firmly bound together 


cel 


edulla 


ebe 
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probably have resulted from one of three changes: first, they may be organized 
thrombi which have been covered by the endothelial cells lining the blood-vessels; 
second, they may have resulted from a fibrosis following degenerations of the type 
seen in arteriosclerotic processes; third, some of them may be due to changes fol- 
lowing exudation beneath the endothelial lining of the blood-vessels. Of the three 
causes suggested as an explanation of the pathological changes in the blood- 
vessels, numbers one and three are the most probable Ihe lesion in the artery 


whose lumen has been replaced by connective tissue in which there are small 
spaces lined with endothelial cells and filled with red blood-corpuscles, can most 
easily be explained as the result of the canalization of a thrombus Thrombi in 


the vessels of the central nervous system have been described in influenzal menin 


gitis The organization of a small thrombus or a subendothelial exudate would 
explain the lesion in those vessels that show increase in connective tissue which 
is limited to a part of the vessel wall. Suben othelial exudates occur in menin 
gitis due to certain organisms and in the smaller blood-vessels of animals that 


have been injected with Bacillus mallet or its toxin 


[he important points in this case are the cultivation of the influenza 


bacillus from the circulating blood and the cerebrospinal fluid; the pro 


longed course of the illness; the deve lopment of internal hydrocep! alus 
and hemiplegia. ‘T vdrocephalus may have resulted from obstruction 
} 


of the foramen of Magendie following the organization of meningeal or 
ependymal exudate. To the hydrocephalus may be attributed the pupil 
lary signs, the attacks of unconsciousness, with slowing of the pulse and 
respiration, and vomiting. 

The acute meningitis 1n this case probably fol owed involvement ol 
the upper air passages, as the earliest signs of infection were noted in 


this location. It could not be determined whether or not the intracranial 


1 
{ ' } i? 


infection occurred as a direct extension from the nasopharynx or its 
accessory sinuses, the middle ears, mastoid cells, or by way of the cire 
lation. There was neither clinical nor post-mortem evidence of infection 
of the middle ears, mastoid cells, antra of Highmore or basal sinuses. 

The important points illustrated by these two cases are the following: 

1. The influenza bacillus may produce a meningitis in which theré 
are extensive intrapial hemorrhages. 

2. In influenzal meningitis there may be an acute inflammatory reac- 
tion about the blood-vessels in the brain substance. These inflammatory 


changes may be related to some of the permanent lesions of the central! 


nervous system following some of the acute illnessess associated with 
cerebral symptoms. 

3. Bacteriemia may develop in the course of influenza. 

t. The organization of an acute exudate in influenzal meningitis may, 
by interfering with the normal circulation of the cerebrospinal fluid, 
lead to internal hydrocephalus. 

5. In chronic meningitis following acute influenzal meningitis th: 
arteries of the meninges mav show varving degrees of increase in con- 
nective tissue internal to the internal elastic membrane. 

6. Influenzal meningitis may be followed by paralysis of varying 


extent 
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SOME OBSERVATIONS ON HEART-BLOCK 


JAMES G. VAN ZWALUWENBURG, M.D 


ANN ARBOR, MICH 


The subje yf heart-block has held a prominent position in recent 

il literature. Certain features of the following cases of auriculai 

nt r blo ippeal to me as deserving of record and ssion 
Thev are taken from the records of the University Hospital and presented 
in this form on the recommendation of Dr. A. W. Hewlett, to whom | 


1m indebted for many valuable suggestions 





ASE | Hist B. I M.. 28, student, was admitted M: 20, 1909, « 

ining of dizziness and dyspnea on exertior His family history and habits 
W FOO [wo years previously he suffered from a very severe tonsillitis f 

acute rheumatism. During the second week of his illness the heart-rat 
reased out of proportion to his illness, rising to 170 on sitting up. ‘There was 

10 pain but excessive nervousness and a small goiter developed He impr 
on thvroidectin after seven months in bed, the pulse-rate pping to 80-90 at 
the end of that time. This rate has persisted since then though he has had 
occasional attacks of “heart hurry.” Two weeks previous to admission he had 


sillitis with little fever, and a week later the tachycardia returned with dizzi 
ness and dyspnea After two days the heart-rate fell to 50, rose gradually to 90 


ind then suddenly to 160. 


Examination.—Color good. Skin moist and warm \ small soft goiter, n 
thrill, no murmur, no eye signs Slight lagging over the right upper thorax, 


1uscultation of lungs negative. Some evidence of cardiac enlargement; a faint 
diastolic murmur noted in the pulmonary area. Radial pulse soft, large, and 
yuick, with no irregularity. 


Course of Disease Within a few hours after admission a partial heart-blo« 
vas noticed with variable ratio between the auricular and ventricular rates, at 
one time a 2-1 rhythm persisted for a short time, but usually the ratio was 3-2 
fhe a-c intervals in seconds were estimated as follows: 0.27-0.36-0.44-block 
0.26-0.36-0.40-block, ete. The shortest measured interval was 0.25 second 
ind the longest 0.57 second. Following 1/50 gr. atropin the pulse became regula 
vith an a-c interval of 0.27-0.30 second. ['wenty minutes later there wer 
five intermissions in one minute and five hours later the former arrhythmia 


had been resumed The following morning 1/100 gr. atropin was given and the 


pulse became and remained regular. 

Oct. 25, 1909: All symptoms had disappeared, the orthodiagram showed a 
reduction of 9 per cent. in the area of the heart shadow and there was no murmur 

Oct. 19, 1910: The patient returned with an afternoon temperature, a chronic 
cough and definite signs on the left upper chest behind. No tubercle bacilli were 
found. He now complained of intermissions in the pulse associated with a thump 
in the pericardiae region causing a cough. These were due to ventricular extra 
systoles. The pulse-rate ranged from 80 to 100 per minute 


The heart-block in this case may be ascribed either to nervous influ 


ences or to the infection, both of which are commonly recognized as 


*From the Depart t of Internal Medicine, University of Michigan 











LHI LROHIVES Of] INTI ! bit 
‘ ‘ clissé itior It is to be notes \ it 
ower a per od « l id a se-rate \ cl I TS¢ nr 
irt-biock as has been shown by Erlanger ar Hirse] 
The pror t iy rovement ly the lyninictrat 
nvineime 7 ol of the presem of some ous eff 
= rie VeVe ~ ) “eel 
D \uricular | ! 
5/20/09 \t entrances 110 2.] ! ' 
21/00 Before itropi 110 }.2 
»/21/09 > 3 fte +f it o> 
21/09 > hrs. afte itropu 90 +-3 
f27/09 sv ‘) 
»/22/09 72 Regular 
I irance o ( ) 
nt T ~ ! rie mit Thre ! 
artial blo Ss rece d by Griffin and Cohn 
CASE 2 History S. M. B., April 12, 1910, was admitte 
clinie for the radical mastoid operation Except for chroni 
vious history was negative On April 18, operation was f 
elirium tremens 
Operation On May ®% patient was operated on un 
ateral sinus was expose also the dura over the roof of the 
C‘ourse of Disease The temperature fell to normal on the fol 
May 15 the patient complained of sharp darting pains 
the face rhe temperature rose to 102.2 and there was some evid 
in the wound An irregular temperature persisted until the 24¢] 
the pulse-rate fell to 48 in the presence of a temperature of | 
four days the rate never rose above 56 \ neurological examinat 
owed nothing On May 26 it was noted that the puls« ‘ 
is infrequent and a tracing was taken showing an incomp!] I 
ind 4-3 rhythm Che inge of the a-c intervals was 0.27-0.42 
Before the action of atropin or mechanical stimulation ot 
tried the pulse became regular and remained so thereaft« | 
following day were normal with an average a-c interval i 
During the several months’ residence in the hospital 
igain observed 
Phe rrhythmia in 1 S Cast is In the precedin 
due to vagus influence plus infection In the abser 
lence ve nre SCATCEL' justified in issuming Y| 
rritation of the vagus nerve Unfortunately we é u) 
the atropin test before recovery although we were save | 
l. Erlanger and Hirshfelder Phvsiology f Heart-Bk 
Jour. Phvwsiol.. 1906. xv 153 
2. Griffith and Conn Remarks on the Study of a Case S 
Lengthened a-c Interval with Attacks of Partial and of (Complet 
vith an Investigation of the Underlving Pathological Conditions 


Med 


tat » 
iO 16 








j (; 14/\ ris’ WAAR! ( 
i! misinterpretation o s s 
n case it hae sulted fay i 
CASE 3 History Mar 13, 1909 I sicial I 4 n 
shortness of breath and edema He id all the feature f ‘hronie inter 
iephritis with cardiae failure relative murmu! ed live 
~ 
mphysema and a systolic pressure of 210 mm. Hg As his « tion was 
e was given | mg. of strophanthin and its action contr 1 | thysmograp 
ecords No irregularity was noted during the short period re ling mi 
stration of the drug Within two or three minutes after this t ‘ ings 
slow and markedly irregular, enough to give rise t onsiderable alarn 
- part of the attendants The patient is not awa of ns n 
tion 
At 5:30 (an hour later) phlebograms re ta \ 
ot be interpreted, but they were later and in the light tracings rec 
zed as those of partial block with a 3 to rhythm: by e 17th tracings 
tained which were recognized as those of a partia eart-blo On the 201 
1/100 er atropin was given withou recogni able nfluer tive ir? thn 
\lechanical and thermic stimuli produced no definite ¢ nee On Mareh 22 
talis was resumed in doses of SO drops of the tinct . 
lock still continued to come and go It «did not seer t 
igitalis 
The a-c interval was carefully estimated 
e following are the averages for ciltle nt Vthms 
During regular rhythm 17-.22 sec , 
Occasional bloc 15-.22 up t rod-t 
}-2 rhythm 3-.24 blo 
2-1 rhythm 17-blo« 
It is worthy of note that the shortest nte (following a 
s considerably shorter than the usua accepted normal int and that 
the interval just preceding the blocked st =hows 
ittle increase over the normal. 
James MackKenzie* first porte unt 
members of the digitalis group, and this was late1 nN ‘ 
observers We behevs this case nique in the suddenness of thr yryse 
The production of partial heart-blo Vv digitalis is . is¢ 
the stimulation of the vagus Inhibitorv me nis} especia 
in abnormally long a-c interval previous exist Mac Ken 
Cushny® suggests that direct action on the conductivit thre nd 
His may be an important factor since in animals a co te blow nd 
digitalis is often refractory to large dos at) ' | tia 
lock the vagus action in man has been shown to persist 
rion may be nd iced In some Cases ) agus OMNressio ‘ ? 
3. MacKenzi« Diseases of the Heart. London. 1908 SO) 
1. MacKenzie: New Methods of Studving the Heart, Brit. Me Jour WD 
587. 702, 759: Clinical Methods of Rees ne Heart-Block, Brit. Med. Jou 


OG. 1, LLOT 


5. Cushny The Therapeutic sof D t Its Allies Any Tour Med. S 


1911. exit, 469 











i4f THE 1RCHIVES OF INTERNAI MEDICINI 


wing. Rihl® and H. E. Herring’ state that in all previously reported 
cases of digitalis block the auricular rate has been increased during the 
rregularity. The case of A. W. Hewlett* seems to be the only exception 
to this rule. 
This case under discussion showed this increase in auricular rate in 


irkable degree as mav be seen from the following table: 


lime Auric. 1 Ventric. rate Rhythm 
Af nf 
13/09 125 125 Regular 
Aft 
13/09 162 SZ 2-1 
15/09 Qs 98 Regular 
3/17/0 120 Rt) 3-2 
3/18/09 116 82-116 Variable 
3/26/09 110 110 Regular 
7 /00 120 Anh 3-2 
, . 1 
\ e obs \ t ct we ave here the e\ se of the paradoxical 
atropin recorded in our first case, in that a drug which ust ally 
( by vagus inhibition caused an increased auricular rate. 


Moreover, the degree of the block varies with the auricular rate. Nor 


the « bition of atropin alter the picture to any considerable degree. 
It has been suggested that the mechanical effect of the auricular stasis 


stimulates the sinus to more frequent stimulus production. This by its 
tendency to aggravate the block establishes a vicious circle which may be 
interrupted either by improving conduction or slowing the auri le. 
From the reports of Bachman’? it appears that, in complete block. 
nditions are very different, since atropin in such cases increased the 
wuricular without influencing the ventricular rate and the digitalis bodies 


ved the auricular but increased the ventricular rate, that is, the usual 


ms effect is obtained with both atropin and digitalis, while the 
ventricular te with the latter is ascribed to direct muscula1 

tion 
ASE 4 History 4. B., 72, colored, came to the hospital April 29, 1910, 


mplaining of shortness of breath and weakness. His first illness began seventeen 


ears ago with symptoms of a urethritis and cystitis. Three years ago, a reten 


tion developed and suprapubic drainage for eight weeks was necessary. About a 
month previous to his entrance to the hospital, he su idenly became unconscious 
is he was sitting quietly. He fell to the floor and “believes he was paralyzed.” 
Since then he had been short of breath, had coughed and grown weaker so that 
finally he went to bed. There had been some pain below the left clavicle on 
deep breathing. The left side had been tapped and considerable fluid drawn off; 


the patient did not know how much 
6. Rihl: Klinischer Beitrag zur Kenntnis der Ueberleitungsstérungen von der 


Bildungsstiitte der Ursprungsreize zum Vorhof, Deutsch. Arch. f. klin. Med., 


1908, xciv, 286. 
7. H. E. Hering: Verhandl. d. Congr. f. inn. Medicin, 23. Congr., 1905, p. 153 

8. Hewlett: Digitalis Heart-Block, Jour. Am. Med. Assn., 1907, xlviii, 47. 

9. Bachman: Sphygmographie Study of Complete Heart-Block, THE ARCHIVES 


Int. MEp., 1909, iv, 238 
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Fig. | Regular rhythm; the ventricles respond to the stimulus represented by the auricular systole occurring during 
ventricular svstole 
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Fig. 3 The ventricular rhythm is regular, the auricular irregular The a wave is decidedly higher when 


with no attempt 
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decidedly higher whenever it falls within 0.08 second before or 0.19 second at 


id 


with no attempt to trace the transmissions through the bundle of His 


the values between which summation < 

















Ml of S mm, of regular rhythm [he diagram assumes a partial block immediately tollowi 


The auricles remain regular throughout 





ond after the beginning of the « wave lhe diagram gives the time relations 
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Evamination.—On entrance the bedside chart showed a temperature wit 

maximum of 100.4 F., pulse 92, respirations 22 rhe patient was orth 

with marked Cheyne-Stokes breathing, cyanosis of the mucous membranes an 
full throbbing vessels. ‘There were signs of tluid in the left pleural cavity, as 
high as the third rib in front with numerous rales over the remainder of bot 
lung areas. ‘The cardiac impulse was diffuse and might be seen as high as the 
manubrium and on the right side. The apex-beat could not be located by sight 
or touch. A slight diastolic shock was noted in the second left intercostal space 
The left border of the heart dulness was lost in the dulness of the fluid rhe 
right border was 6 em. to right of the median lin« Both sounds were distan 
at the apex and without murmurs. The aortic second was accentuated, also th 
pulmonie second. The radial was thickened, large, full and incompressible 
Systolic blood-pressure was 195 mm. Hg. ‘The liver was enlarged, firm but n« 
tender or pulsating. There was no edema Deep reflexes were norma! Che 


irine showed fairly large amount of albumin, and microscopic pus. Red blood 
ells numbered 4,810,000, white blood-cells 4,450; and hemoglobin was 80 per cent 

Course of Disease.—Three days later a diagnostic puncture furnished a light 
yellow fluid, specific gravity 1.017 with 750 white blood-cells per ¢c.mm., near); 
ill of which were lymphocytes, 40 per cent. showing badly degenerating nucle 


he pleural fluid gradually decreased under depleting measures so that on thé 
thirteenth day in the hospital the apex could be located in the fifth left int« 
ostal space within the nipple line. The following extract is taken from a n 
made by Dr. Hewlett on that day: “There is a very unusual variation in t 
quality of the first sound, most marked at the apex but heard over other part 
of the heart. At times it is loud and ringing, at others soft and muffled so tha 
it can hardly be heard. This does not seem to depend on respiratory movements 
rhe heart is quite irregular with no relation between this and respiratior 


} 


ver 


Che irregularity is much less noticeable at the wrist and might easily be « 
looked.” 

On the seventeenth day (May 5, 1910) a retention developed calling f¢ 
catheterization. The urine became scanty and highly albuminous and the patie: 
died in uremia on the twenty-eighth day May 26, 1910 


\utopsy was refused. 
The numerous polygrams from this patient fell into 
according to the time of rhythm. 


Figure 1 represents the most frequent and persistent type and is 


fectly regular. It is part of a long record which remained uniforn 

eight minutes. In this tracing the average c-c interval calculated fro 
the carotid pulse measures 0.70 second with a minimum of 90.68 secor 
and a maximum of 0.71 second. The phlebogram shows a positive venoi 


} 


nulse, but the true character of the systolic elevation is not apparent unt 
the irregular period at the end of eight minutes is studied. 

This is shown in Figure 2, and represents the second type of arrvt 
mia, viz., with the ventricles irregular and the auricles regular. TT] 
ind ¢ waves are here easily recognized and from the portion of the trac ing 
mmediately preceding and following this irregular stage the relation « 
the a and c wave is easily made out. Throughout the records the ¢ wave 
of the phlebogram slightly precedes the systolic rise on the carotid, i. « 
the venous ¢ wave is “protosystolic” (Bachman"’). The irregularity cov 


10. Bachmar Interpretation of the Venous Pulse Am. Jour. Med. S WIR 


xvi, 674 








6 THI tROHIVES Ol INTERNAT VWEDICINI 


ers t eriod between the points marked m and n, including four ventric- 


ar and five auricular svstoles. It will be noted that there is little change 


n the a-a intervals. The value of the third a-a interval is estimated at 
0.66 second. alt the summation of the a4 and v waves at this point 
makes its determination somewhat problemati On the other hand the & 
¢ intervals have sudden increased from an average of 0.70 second t 

0.96. 0.92 cd ODO secon espectivelv. These values show a differs nee 
wl < ee) rhe thre mit of error and do not exceed the difference 
¢ ecc alues elsewhere in the tracing 
| re 3 1s reproduction of a tracing taken while the pulse-rate was 


ynsicl ( et It represents the third type of tracing with the 


iuricles irregular and the ventricles regular. The c-c interval is regular 
th an average of about 0.58 second corresponding to a venti cular rate 
if about 104 Tl phi oOgTram SHOWS a striking aiternation ci high and 
vaves. The former occur where the period of auricular systole over- 
s that « enti ar svstole. Where this does not occur the excursio1 
: val é slight and the waves well differentiated. In the twent 
ree seconds re ent n the tracing there are three more aur 
than ventricul: epresenting an auricular rate of about 115, as 
imAinst a ntri ( 104 The a-a interval varies considerably (fro 


0.42 to 0.65). The same condition is more convincingly shown in Fig ‘ 


‘ ik¢é on the ‘ ous dav. when the puls ate vas less elevated 
0 < 0.75 second, corresponding to a rate of eighty 
| ‘ ive a- nterval < UOL6HS second. equivalent to ninet 

-3 a 


rres I ! the c-c mtervals ' 
0 sa uurth typ tracing ha t 
e an ot rregulal tier id ceived 60 
: til ‘ talis during the prev st t ours but simiia 
vs were obtaine several days previous Next to the regular type 
tracit st) Figure 1, it is the most frequent form. It w 


noted that the ntervals vary from 0.61 to 0.81 second in a rl 


nt ot the respiratol I thn while the a-a inte 


In the { subsequent tracings, it 1s easly seen that in 
P salier 1 . -val 

se OW in unusuallV¥ tong d-c interval as a 

zon the « wave of the next preceding ventricula 


e transitic : well marked in Figure 2. and allows 
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> & Wing a simular newMence OL tl Waves piv Wiles 


roduced by Wenckeba Griffith and Cohn?’ Tha i 


’ rer 


1 ' ri others Wenckebac! as app ed the name ( | j l 
P} prur to this condition and finds the cause in the relation ¢ t! 
to tl ntervals Thus it oceurs whenever these become appro 
" I thie ron engtnening ot the ormer in dis ri col 
auct t i n of the latte nt dia Sim 
el ‘ L the tracings ) this patient 
. ~ case OT aul entricular dissociatiotl n Ww 
~ = the entriculal ite to const ct a diagra sh I 
= = ting nes wt issu 1 ‘ in ) 
( SOS ¢ to the difference between t tw ite s 
diag t be taken as evidence of t transmission of an rf t 
= i ( entri : ( ‘ tionship " re 
slo e ¢ ect t nd (a) thé ) di ‘ 
ne intervs n the carotid puis ( ) the nt 
gressively smaller increment up to t lowing blo« 
i { I thn i Wet ( nt rad n wl 
owing the block is the longest the transmitt 
> \ eria to 7 wram in Fig 4 ‘ ! t 
nter ( UO.96 secon \ ( =< wit ! PASO 
( t = t ollowin ntervals: the crease in the nte 
ving 1.20 and 0.24 respective (increasing increments). and t 
SEC ong S cimatelv eq st and ft ( Iw ! 
_ 
ssibl \ T ble ~ nel thre rvals 
: ( the cceidenta nerease ¢ thr I 
~ 1 x or Tire roc t; " / ' ] 
eg ar ! ti 
\s “ ts tracing s vil ol 1 O i < 
( s i) Toa and inte ( ) ne wot 
es Estimated n these tracing Ss reproduce t I . - { 
second white the preceding int sare! ! 


1 > 
Wen ‘ Reit re ZU 


Kenntnis der menschlichen He tiiti eit \ 


ae A t I siol 1908, Abtlg.. Supple ment Band 53 


12. Thave ind Peabody 4 Studv of Two Cases of Adams-Stokes Sywndron 
ith Heart-Block. Tur ArcHuIves INT. Mep., 1911, vii, 289 
13. Wenckeback Leber eine kritische Frequentz des Herzen be a vs 
lac rdie, Deutsch. Arch. f. klin. Med., 1910, ci, 402 
al " ’ 
} Toachin Ein atyvpischer Fall von Stirung der Reizleitune H 


Webnsehr., 1908, xlv, 911. 
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an occasional block. Two alternative diagt ims ar given as plausible 
interpretations of this tracing although others are possible. Thi relation- 
ship between the two rhythms is too close to allow of interpretation as 
complete block—it would be inconceivable that two independent rhythms 
should show similar fluctuations for any considerable length of time. The 
of regular rhythm are also incompatible with an independent 


ventricular rhythm. 


long pel iods 


SUMMARY 


1. Two cases of partial heart-block due to vagus stimulation or to 
acute infections or to a combination of these. 
s) 


2. One case of partial block following the inj 
strophanthin. 


ction of 0.001 om. of 


5+. One case f partial block apparently cured by i 


Two cases in which such injections produced no notable effect on the 
bloc k. 


1. When the block followed strophanthin the auricular rate was 


increased and when the block disappeared after atropin the auricular rate 
was lessened. 

5. The last case showed partial block with the following peculiarities : 

A. Long periods of regular rhythm during which the auricles con- 
tracted during ventricular systole. In such cases the ventricles responded 
to the stimuli coming from the previous auricular contractions, the a- 
interval being about 0.60 second. 

B. Repeated a-c intervals of more than 0.80 second 

C. Auricular irregularity with such relations between the a-c inter- 
vals and the a-c increments due to fatigue that the ventricles showed no 
evidence of the auricular irregularity. 


319 Glen Avenue 











FRACTURE OF CERVICAL VERTEBRUE, RESULTING IN 
HYPOTONIA AND HYPOTHERMIA* 


HAVEN EMERSON, M.D 


WV YOR 
The Injury evening of Jan. 28, 1911. a man was seen to fall from 
a subway statior itform to the tracks, about 4 feet below, on his back He 


was lifted to a seat on the platform and a policeman who was notified called an 
ambulances On the arrival of the ambulance surgeon, about fifteen minutes later, 
the man was found to be confused, and to be weak but not powerless in his legs 
the knee-jerks were present and his arms and trunk showed ample strength 
Hie could not walk and there was a smell of liquor on his breath. so he was taken 


to the police statior iarged with intoxication 


The next morning the oflicer in charge found the man unable to stand, though 
less confused and able to give a fair account of himself rhe ambulance surgeon 
vas called again a found the reflexes at the knees weaker but still present, 
ind an increasing sabilitv in the legs The man could use his arms and 

unk to some exter He was brought to the prison ward at Bellevue Hospital 


charged with intoxication but with a diagnosis of transverse mvelitis or possible 
fracture or dislocation of a cervical vertebra 

On admission on January 29, the patient s semi-« scious, roused late 
and became somewhat noisy His eyes were stupid at staring He gave a 
eonnected story of himself but had forgotten having gone down into the subway 
station. He remembered walking along the street and feeling dizzy, and then 


coming to himself in the station house. 


History He gay i family history as f llow t as corroborated by 
his wife and his emplover 

Father is living and well; occasionally subject to « y spells Mother died 
it 28 of tuberculosis There was one brother, who died at 44 of softening of the 
brain There has been tuberculosis among aunts and uncles 


He says he has never been sick except for an attack of gonorrhea fifteen years 


age has always been in vigorous health and a har vorker never took medicine 
or was under a doctor's care He is a porter by occupation, a negro, 38 years 
old, married and has no children He is accustomed to use beer moderately and 
gin oceasionally in his home or at the house of friends He is not a user of 
tobacco Uses tea ar otfe in moderation 

Examination (January 30) An unusually ell-nourished and well-developed 
negro, with a well-shaped head and intelligent face Nothing abnormal was 
found, except a distended bladder, evidence of injury at the back of the ne 
ind extensive motor and sensory paralysis There was a temperature of 97.8, 


pulse 58, respiration of 20 in the minute, pulse small and easily compressible 
There was incontinence of feces and retention of urine, no difficulty in swallowing, 


breathing of diaphragmatic type. 


There was no interference with any of the special sense organs, but there 
iS a persistent and equal contraction of the pupils, so extreme that but slight 
response to light « if elicited 
Report was rea it the meeting of the American Society for Clinical 
nvestigation. May 8 1] 


*This case is reported from mv term of service as physician to the aleoholic 
and prison wards of Bellevue Hospital, and the clinical observations were cor 
roborated by Dr. \ 1. Norrie, visiting physician to Bellevue Hospital 


; 





| 


te tenderr 
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’ ‘ wd 

ens 

re was lit 


region of the 


ess with acute 


HAVEN EMERSON 15! 


fifth to the seventh cervical spines there was mod 


pain on pressure where the sixth spine should hav 


wing to the heavy musculature, proof of mobility or crepitus on pa 


not be obtainec 


[here was mode 


e subjective d 


| There was least discomfort when the head was it 
rate muscular spasm of the posterior neck muscles 
iscomfort at the sight of injury The skin was intact 


Without going into the details of the paralysis, it suffices to state that there was 


8 nu 


scular sensory ; 


sixth cervical nerve roo 


shed below this level, roug 


except the su] 


s no zone of hy 


ind reflex power below the level of the distribution of 


ts 


Chere was a sharp line of loss of power and sensation, and reflexes were abo 


hly complete paralysis below the clavicles and of t 
yinators and deltoid 

yperesthesia 

1 bloody fluid under 1 tensior 


showed fracture of the posterior arch of the sixt 


vice obtained was unfavorable to operative interfer 


nent consisted of attention to the bladder and general nursing care 


Lumbar puncture showe« 

\-ray taken January 31 

\ il vertebra 

Treatment Surgical ad 
lreatr 

t nights of February 

ur 1210ns TO assist 

mei 

‘ y 7 nination 

modera liscomfort 1 
i lay On the m 

nea. There were signs 


1 and 2 atropin, gr. 1/100, was given hypodermicalls 


the respiration whi became suddenly labored ar 


The patient remained alert and intelligent and it 


he pain in the back of the neck gradually increas 
orning of February 3 there was a sudden increase i 
of accumulation of fluid in the lungs and the patier 


f failure of respiration at 6:15 a. m 


1 
} n t he 
97 8 to 


s from 


time of admi 


ssion for forty-eight ours the temperature range 


96.2 I After that the temperature deep within the rectum 


the anus} was 


always a little over or under 90 F 
80 to 44, the latter rate being recorded five hours 


(he pulse ranged from 
leat t was always small and compressibl rhe respiration ranged fron 
24. the rate being 26 for a few hours before death 

he blood-pressure was not taken until January 31, and it was then 8s 
i (nn other oceasions it varied but a few millimeters from 90 


Che necropsy 


, performed at 11 a. m., February 3, by Dr. Ott 


Itz. contirmed the diagnosis here was ecchymosis in the deep muscles of 
‘ pos iorly There was a complete separation of the posterior arch 
sixth cervical rtebra with an overriding of the seventh on the sixth, and a 


re without displacement of the right side of the arch of the fifth cervic 


1 where the arch lea 


ves the body of the vertebra There was gross ev 


injury to and slight softening of the cord at the site of the injury, i. e 


veen the sixth and seven 


rain and cord 


lema in the lun 


th vertebra. There was a little blood in the spina 
were removed for subsequent study There was 1 


gs. Nothing was found to explain the dizziness pre 


ny ie accident 
we no lesions found in ar other organs which bear in any way or! 
cas 
| o report of a case « racture of the spine in w 
iture an ow blood-pressure were observed, nor have I beet 
t ir such observations by personal inquiry and correspond- 
surgeons o have id much experience in spinal surge! 
pothermia and hypotonia should follow complete severance o! 
cord just below the phrenic nerve origins By such breaks in the 
nect hetween the medularv vasomotor and heat regulating cent 
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and so la a part of the body, all vasomotor t ind heat regulati 
n t ( nart should be abo | ~ O I 
£ that sect ) ( 1 I I ica 
rtebra in dogs a ts an ts ( ediate i 
ood-pressurt 3 Ol in part recovered fro n the inimals 
by resumption vasomotor control by the sn a spinal and 
gan ww the point sectior What es own Is that 
Nebelthau in 1895 found, on section of the cord in rabbits between the 
sixth and seventh cervical vertebre, that there was a prompt and 
marked | in temperatures al t 3 e to a mar! 
diminution of heat } luction and heat eliminatior \fter section o 
the cord in this e was unable to deve \ in s} of injections 
ol e1 pelas soft pig In 1881 M 30! ound the sam 
fall in temperat s a result « e effect « phir ( in 
curare In dogs ¢ t ul uilure to ‘ ct s 4 
pus, hay 1 Ol nd pr nins nin | t es there 
apparently an interference, in Nebelthau’s*? cases, with the path fron 


the centers to the periphery, and in Mendelson’s cases, with the activit 


of the centers and the ability to cause muscular contraction 

The case above reported seems to give clinical support to two 
mportant experimental observations in spite of the absence of control 
ecords. Unfortunately I cannot offer records of the temperature and 
1000 ressure n} case pelore tiie ae aent, lwo clinical lessons ma\ 


be drawn from this case. First, that in the injuries to the cord in the 


vicinity of the sixth and sevent ervical vertebre the presence of hypo- 


thermia and hypotonia would go far to prove that there was a com- 


plete separation of the ‘rom the medulla, or that even if there were 
sensory and motor paralysis pointing to a complete transverse lesion o 


the cord at that level, there would be a fair inference that the separation 
or destruction was not complete if hypothermia and hypotonia were 
absent. By separation I mean functional and not necessarily anatomical. 
Second, that it will be well to be on our guard against the existence of 
complicating lesions in such cases as I have reported because it would 


} 


seem quite possible that even severe inflammatory processes usually 


accompanied by fever might occur without the warning of a rise o 


temperature. It is possible that the slow heart rate in this case was a 
secondary result of the low temperature, for one should have expected a 
compensatory increase of heart rate in a patient with such a low blood 
pressure and the lesion did not involve the reflex cardiac nervons 
mechanism at all 


120 East Sixty-Second Street 





1. Mendelson: Am. Jour. Med. Sc., 1883, new series, Ixxxvi. 381 
2 Nebelthau: Ztschr. f. Biol., 1895, new series, xiii, 293 
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of the different acute infectious diseases, any general lesion can be foul 
in the arterial system which seems surely to be the result of the tox 
ol the disease ¢ ( i wide-spread dISiripullol the infective agent 
Furthermore if such a lesion do¢ exist, is it of a kind that will result 
yn healing in a permanent injury to the art syst 

hat the infective agent may lodge locally in the arterial wall has 


en shown by the reports of cases in which the tubercle bacilli and the 


splrochetes SYpDH1LIS ave een roune il uman irteries. Wooley 
as recent eported a case and refers to t other cases reported in 
wh ( 1b¢ ac 1 have invaded the nt 1 OL the ta In one 
or mor pia from the ) | strean Vright l te irdson wert 
mong the rst to demonstrat he 77 yn 1 Lu? n the va ( 


the aorta in syphilitic aortitis. Also, as Osler points out in his “Modern 


Medicine,” localized acute arteritis may occur in which the invading 
rganism can be demonstrated Rhea ecently re lesions in 
: irteries the meninges 1n a Cast arocephalus ar Drain abscess 
following an acute influenzal menir This lesion consisted i 
rket nnecti\ tissue 1 enir Oo ( ! ma ry ] I 
i] he vesse men In this « no i é I ‘ 
i t waiis SO 5 i { ne I vhetine ! ~ ( ‘ ) 
i il pre nce ¢ tie nfluenza i S ) f { 
followed thre s rmation 1 o ! t Robe ym? 
Chesl ait ( 1 deg nerat n mm the y e] \ ! Cor! I 
cases of acute anterior poliomy s. Here agai n W é 
this action 18 du to the etual pre nce ol s§ e < rt S ( 
toxin. Thus it is evident that infective agents and possibly their toxins 
ma 1use local lesions of a permanent character in arteries. The next 
q tion 1s whether these agents or t ns n cause a diffuse lesion. In 





*From the Laboratory of the Department of Theory and Practice of Physi 
Harvard University. Published with the approval of the committee as wor 
done under a Bullard Fellowship. 

1. Wooley: Bull. Johns Hopkins Hosp., 1911, xxii, 82 

, 2. Wright and Richardson: Boston Med. and Surg. Jour., 1909. elx, 539 
3. Rhea: Reported American Assn. Path. and Bact., 1910 
4. Robertson and Chesley THe Arcuives INT. MeEp., 1910. vi, 233 
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literature almost all of the I ous seases a accused iusing 
egenerative or proliferative changes in the aorta and other vessels. Thus 
Osler in his “Modern Medicine” in the chapter on arteriosclerosis I 
siders that the acute infections form one of its etiological factors He 
says that in scarlet fever, measles, diphtheria, small-pox and influenza 
oc1 of arterial degeneration oc with great frequenc' In typhoid 
ever areas of necrosis and att aevgeneration are met n t iorta 
Huchard® in 1891 and his school considered that the acute infectious 
diseases of childhood were larg responsible for the arteriosclerosis o 
adult life Hofbauer® in 1903 reports on the development of arterio 
sclerosis In a boy of 17 after an attack of measles. Thaver? and Thaver’ 
nd Brush in 1904 present evidence that there is some relation between 
typhoid fever and alcoholism on the one hand and the development of 
arteriosclerosis on the other. Wiesner® found extensive calcification in 
the coronary arteries of young people following endocarditis or prolonged 
osteomyelitis Wiesel?® made extensive studies of the heart and blood 
essels of young persons in typhoid fever, scarlet fever, measles, diph- 


theria, sepsis, pneumonia and osteomyelitis. He found in thirty out of 
300 autopsies signs of arteriosclerosis in both larger and smaller vessels. 


The lesions in the media were similar to those found in experimenta! 
arterial disease n rabbits Adam" agrees that in burns and acute infec- 


tions it is common to find fine fattv streaks in the aorta Fremont- 


Smith™ considers that arterial disease is common in the young and that 
the media is usually primarily involved. Symnitsky’™® in 138 autopsies 


on people under 25 years of age who died of acute infections found 


sclerotic changes in the aorta in thirty-eight. If patients under 2 years 


of age were left out in which he found no lesions, the sclerosis in the 


aorta occurred in 48 per cent. of these cases. 


Turning to the experimental side, there is considerable evidence in 


} 


lity of toxins or their causative agents producing 


favor Of the possibi 
arterial lesions. After injury to the aorta, Gilbert'* and Lion in 1889 
succeeded in causing aortic lesions by the injection intravenously of 
typhoid bacilli and a malignant baci!lus isolated from a human case. 
Since that time several authors have published reports of the successful 


production of arterial lesions in rabbits by the use of different toxins 


I t 


5. Huchard: Rev. gén. de clin. et de thérap., 1891, v, 637. 
6. Hofbauer Wien. klin. Wehnsehr., 1903, xvi, 983 
7. Thayer: Am. Jour. Med. Se., 1904, exxvii, 391 


8. Thayn and Brush: Jour. Am. Med. Assn., 1904, xliii, 726 
9%. Wiesner: Wien. klin. Wehnschr., 1906, xix, 725 
10. Wiesel: Wien. klin. Wehnschr, 1906, xix, 723. 


1l. Adami: Am. Jour. Med. Se., 1909, exxxviii, 485 
12. Fremont-Smith Am. Jour. Med. Se., 1908, exxxv, 199 
13. Symnitsky Ztschr. f. Heilk., Prague, 1903, xxiv, 177 


14. Gilbert and Lion Compt. rend Soc. de biol., 1889, p. 583; Ar 


expér. et d’anat. path., 1904, xvi, 73 
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or bacteria Among these e following names appear frequently: 
Crocq2* Pernice.* Thérése2? Boinet and Romary,'* Saltykow,’® Klotz,*° 


and Du Val.*? Klotz finds that different bacteria act differently. 


lly 


Typhoid bacilli and streptococci caused fatty degeneration of the sub- 


endothelial tissue and also proliferation, while on the other hand diph 


theria bacilli produced only a degenerative lesio Du Val obtained a 
proliferation of the endothelium with injections of attenuated glanders 
bacilli. Others mention round cell infiltration in different lavers of the 


arterial wall] 
Most of the experimental work has been done 01 ibbits Adler 


savs that arterial disease has been reported in thie . horse and dog 
\ fe w ot the exp menters ive used vulnea-pigs nd other animalts 
as well as rabbits, notably Pernice, Boinet and Romarv, and Therés 


From the above reports on human cases and experiments it seems 


fair to assume that acute ifectious diseases ma ause some pretty gen- 


eral lesion throughout the arterial system, either from the diffuse action 

of toxins or from a wide-spread invasion of the arterial system by the 

infecting organism. The exact nature of these lesions in human cases 

and their final result has not been so well worked out. In order to throw 

some light on this phase of the question this study was undertaken. 
Pieces of tissue from the aorta, spleen and kidney were taken at 

random. ‘The tissue had been preserved in Zenker’s fluid and 10 per 

: 


cent. liquor formaldehydi. The Zenker’s fixed material was mounted in 


paraffin, cut and stained with eosin and methylene blue, and Verhoeff’s 
elastic tissue stain. ‘The formalin fixed material was cut by the freezing 
microtome, and stained with Scharlach R. for fat. The Scharlach R. 
stained material was very carefully studied as the presence of fat drop- 
lets in cells of the arterial walls is one of the earliest signs of injury. 
It was thought that tissue taken at random from these three parts of 
the body would show as well as any tissue a general lesion to the arterial 
system away from the site of the active process of the acute infection 

At first, tissue from people of all ages was studied, but it was soon 
found that the majority of people above 25 years showed the same arte- 
rial lesions whether they died of acute infections or chronic disorders; 
and furthermore, that these lesions were very similar to those seen dur- 
ng some acute niections in young people. 


15. Croeq Arch. de méd. expér. et d’anat. path., 1894, vi, 583 

15. Pernice: Atti d. r. Acead. d. scienze med. in Palermo, 1895 

17. Thérése: Phése, Paris, 1893 

18. Boinet and Romary: Arch. de méd. expér. et d’anat. path., 1897, ix, 902 
19. Saltykow: Zieglers Beitriige, 1908, xlili, 147 

20. Klotz: Brit. Med. Jour., 1906, 2, 1767 

21. Du Val: Jour. Exper. Med., 1907, ix, 241 

22. Adler: Am. Jour. Med. Se., 1908, exxxvi, 241 
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30 years the following lesions were pretty consist 
ent. In the arteries of the kidneys there were fat droplets in 
media and occasionally in the intima. In addi- 
here w requently an increase in connective tissue of the intima. 


aline-like change in the walls of its smaller 


Che spieen S W 1iine 
arteries usual volving the intima and occasionally involving the 
media Around the aline material there was no cellular reaction, and 
it took the fat stain rather feebly. In the muscle ers of these and 
irger arteries t ( re fat droplets. In the media of the aorta fat 
droplets were present in t muscle fibers In the intima there were 
thickened areas, ar n the t kened areas fat \lso there was fat scat 
tered pretty gen ilong the intima. At the plac s in the media 
corres to the thickened places in the intima the fat droplets 
were muc rent in the muscle fibers suggesting a more marked 
degeneration of the muscle at these points. In the thickened intima 
endothelial cells we equently present and around the vasa vasorum 
round cell infilt ht amount ov 1 

No oLnel le = W i h ct Id be attr bute d to aif ite i Vl ac tion were 
noted. In some « marked increase in fibrous connective tissue occu! 
red which at times replaced the muscle to considerable extent. In othe 
eases calear : spots were found. It seemed reasonable to assume, how 
ever, that these lesions were the result of some former process, and not 
due to an acute infection. 

Between the ages of 30 and 65, three cases typhoid, one of pneu- 
monia, one « 1 four of local or general peritonitis were studied 
is rep sentatives rections. W \ rdiac cases, two of ~ 
nephrit oT neer. one of aneurism and o1 rebral case as exan 
les of chronic non-infectious disorders. ] st yf these cases 
t soon be e nt that the lesions de e were quite gen 

' d { ( th series, and that in order to draw an 
onclusions in regard to acute infections, selected cases should be studied 
1 which chrot ( rders could be practically eliminated. 

For this purpose series of fifty-six subjects under 25 vears of am 
were studied Most them died from acut tious diseases, but 
there were a few infants and others who died of non-infectious illnesse 
} W nts and others who died of non-infectious illness 
each of these fift cast t was not poss ) obtain tissue fri 
ill the thres parts t] hod wi 1 had been pre rved in both fix 
tives. Six cases of er sis were studied, o1 f which was that o . 
in infant 114 vears old. The arteries in this infant were negative 
throughout; a fact which was noted in practically all the infants, no 
matter what was the cause of death. In the kidnevs of the remaining 


five subjec ts the re was an in rease in t] e connes ive tissue of the intima 


of the arteries in three, and in these cases fat droplets were present in 
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the muscle fibers of the media. The other two cases showed apparently 
normal arteries in the kidney. Of these two only one was stained for 


fat, and that was negative. In the spleens of these five cases a hyaline 


degeneration of intima and media was present which took a feeble fat 


stain. In four of the five, fat droplets were present in the media muscle 


} 


fibers. Only three aortas were preserved. They all showed a thicken 


ng of the intima In two of these formalin tissue was preserved, and 
they showed fat in the intima and fat droplets throughout the musck 
mbers ¢ the media. 

I'wo cases of t vid V ere studi | é the n 
ppeared normal except ra ve rare fat d tin tl muscle ers 
In the spleen one showed a slight hyaline degeneration with no droplet 
yf it in the media fibers, and the other showed no hyaline ds yenel 
tion and an exceedingly rare fat droplet in the media. In the aorta « 
both there was a slight increase in thickness of t] tima with fat pr 
nt I it d oplets n the muscle fibers of t media These subjects 
vere 21 and 24 years old, and are valuable as controls in that their rena 
and s} e arteries were so nearly normal 

'?) r pm cases, one was 1n al fant 10 months old wl 


In this case there was no aorta preserved. The renal arteries were nega 


tive and also the splenic vessels except for a slight hyalin degeneration 


The other two cases showed an increase of connective tissue in the renal 
arteries with fat droplets in the muscle fibers. In the spleen there was 
hyaline degeneration which took the fat stain in both cases, and ons 
of them also showed fat droplets in the muscle fibers. Both aortas showe 
in increase in t thickness of the intima with fat present and fat drop 
ets in the muscle fibers of the intima 

Three of the ten diphtheria patients were under 2 years of age, a1 


showed normal arteries throughout, although the spleen and aorta wer 


nl preserved in two, Of the remaining seven cases, six showed nor 
mal kidney arteries, and one showed a slight increase in connective 
tissue and fat droplets in the 1 scle bers | S patient was 25 years 

} } \ } Oy ] y 1 } ] rener 

" weve! In t e spleen all sev cases showed hvyaiine deg era 

hich to ( t stain, and three of them showed fat droplets in th 
muscle fibers of the media. The material from the aorta in this series 
was rather scantv. Four out of five showed thickening of the intima 


Five out of six showed fat in the intima and two out of six showed f 


droplets in t muscle fibers of the media 
‘| ne next group ol twe lve is con posed of septic cases such as pt rl 
tonitis. osteomvelitis, endocarditis, bronchopneumonia, ete. Of these 


twelve. one only showed a suggestion of increased connective tissue i 


the kidnev arteries, and two only showed fat droplets in the muscle 





fat droplets in the muscle. 


in four the intima was apparently normal 


Another 


renal 


normal splenic arteries except 


legeneration, 


vessels which strengt 
a general manner. 
bronchopneumonia 


wo patients with scarlet fever, one aged 3 showed normal arteri 


showed necrosis of tl 
and cellular reaction in some 
els were apparently normal. 


TI ese net roti 
In the sple ni 


fat 


line 
roplets in the muscle fibers. 


methylene-bluc 


ain. 


ial from which to mak: 
years old showed normal amour 
es but fat droplets in the 


c arteries showed hvaline degeneration but no drop 


; 
Tit 


and 


e muscle fibers of the media contained droplets whi 
beneath where tl 
9 months who died obscure causes 
petechial hemorrhages, 
arteries of the kidney and spleen. 

hronic nephritis, one hydrocephalus, one congestion 
ngs, and two cardiac cases, were used as controls. 
hritis case alone showed a 


showed connective 


In the spleen, two of tl 


droplets in th 
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{ ir 


aorta the intima was thickened in four Cases, 
fat in the intima. These four also had fat droplets in thi 


of the media. ‘The other one showed a norma! aorta. 


From a study of these fifty-six subjects it is evident that the s 


esions exist in their arteries as in the older subjects that died of acute 
or chronic diseases. Therefore, there is no general arterial lesion pect 
liar to the toxins of the acute infectious diseases As no evidence 
yacteria was found in any of these lesions it seems probable tha ext 
lesions, if due at all to the infectious diseases, must be the res t 


action. 


ever Case ll \ nh pa©rt ¢ tii rena arteries wert norma thers 
showed extensive necrosis \pparently in this case the t I a i 
selective action for certain of the vessels. \ stuc Ol this Case n detail 


will be reported in another communication. 


The facts that practically no lesions were found in cases under 2 years 
of age, that the lesions differed in the different tissues, and that the 
arteries in the three sets of tissue were not equal iffected in ea 
argue against the supposition that these lesions are caused by toxins 


the acute infectious diseases. 

On the other hand, the frequency with which these lesions occ 
certain groups of cases makes it seem very probable 
tion between them and the acute infectious diseases. 

In considering only the acute infectious cases (infants and ot! 


the kidney was studied in forty-six cases. in seven of whicl 


connective tissue increase and in eleven fat droplets in the media. Fight 
of the eleven cases with fat droplets were in cases of typhoid fever, tube: 
culosis, pneumonia and glanders. These patients, however e a 
nearly 25 years old. It seems reasonable, therefore, to state that as a 
result of acute infections connective tissue increase in the renal arteries 
is not to be expec ted, nor is any fatty degeneration of the media probabl 


except possibly in typhoid fever, glanders, pneumonia and tuberculosis. 
In this series the spleens from forty-five cases of acute infection 


were examined. Of these, twenty-six showed a hyaline degeneration 


involving either the intima or media or both, which lesion stained poor! 


with the fat stain. Ten of the forty-five showed fat droplets in thé 
muscle fibers of the media. The hvaline change occurred in 100 


eent. of the cases of tubereuls Sis, pneumonia, € a) the a al d g ande rs 


with the exclusion of subjects under 114 vears. 
In the septicemia group only 58 per cent. showed this chane The 
fat droplets of the media fibers were more unevenly distributed (as 


} 


regards the disease) than in the renal arteries, and therefore are eve 


less characteristic of acute infections than in 


the other hand, the hvaline change seems quite characteristic of cer 
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s. and must have some relation to the toxins of the 
lisease. because in some long illnesses in which metabolic 
ight be expected 


disturbances 
ed it does not occur. 
The aortas were examined in thirty-six cases, twenty-one of which 
showed thickening of the intima with fat in nineteen of them. The 
fat was usually more marked in the thickened areas. 
showed fat dre pie ts 


y 


Eleven of them 
in the media muscle fibers 


ibers. In 100 per cent. of the 
ases of tuberculosis, typhoid, pneumonia and glanders, with the excep- 
on of subjects under 114 years, the 


intimal lesion was present. 


It 
phtheria and septic cases. Here again, 

is there were cases of other acute illnesses in which tl 
ur, it seems probable that there is some re] 
fection and the | 


e lesion did not 
ation between the acute 


is what will be the final result of 
esions. Will the lesi I 


} 
these 


leave the arterial system permanently 


the muscle fibers of the media should 
it permanent injury except in tl 


except in those fibers in which actual 
ecrosis has occurred. If necrosis has occurred there is probably some 
njury also to the fibroblasts, and connective tissue replacement of the 
necrotic muscle will occcur. 
The hyaline degeneration in the intima and 
irter pr 


l I ! ind media of the 
pr ably will not re 


spleni 
turn to normal! wit! 


thout leaving some sclerosis. 
In the intima of the aorta, fat without thickening may return to nor- 
nal without leaving permanent evidence of a former lesion, but when 
the intima is thickened, either f 1 


rom edema, infiltration with endothelial 
ng tat, or connective t l 


tissue overgrowths, it probably will 
ot resume its former condition, but will always show more or less 
scleros Therefore, these lesions, which from their frequency probably 
ar so relation to acute infectious di 
inge in ft 


seases, may leave a permanent 
erlal system. 


ea Tie inte ~ rosis Oo ld age is due to p essure 

relat ons t Ss yx ct POSSIDIK Lor these above described lesions to 

mpair the elasticity of the vessel walls and change the size of the lumen 
the vessels and thus effect the pressu 


ure relations. The scler 
these 


ing fr lesions may impair tl 


“osed 


he nourishment to th« 

ial wall so that a gradually progressing degeneration of the art 
il system goes on wW h may be the cause of arteriosclerosis of old 

ige. The sclerosis of old age may simply be a summation of lesions of 
s nature arising from infections or metabolic toxins in which case 

these lesions would play their share in the formation 

sclerosis of old ag 


of the arterio- 


ese lesions, after becoming sclerosed, may have 


he arterial system. The arteriosclerosis of old age 
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may be a disease which has an 


the above-mentioned factors. 


At the time when this study 


on, an attempt was made to 


toxins. As so much discussion 


, 


for experimental art 


Some experimenters have used 


Guinea-pigs under 
typhoid | 


virulent, and could be given 


of the guinea-pig. Three pigs 


typhoid bacil On the sixt 
taneously without anesthesia 


sue from the aorta, kidney and 


just as the human material. 


either set of animals nor in 


guinea-pig injected with stap 


intima with connective tissu 
] 


were also injected with the same 


three others with the same am 


} 


a period of two months in order 


have any effect. Both these sets of 


the controls kept under t! 


animals were influenced by the action o 


] 


the controls were killed, and their 


same manner as the others, but no lesions were discovers 


A : : 
aciill and stapn cor 


1e same conditions. wh 
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f the toxins. 


issues pres rved and 


Cll al 
vice a week ove 
red action would 

1 t inner t} il 


1 in the arteries 


Some experiments were done with white rats by injecting living cu 


tures of diphtheria and typhoid bacilli and staphyloco 
injections of 95 per cent. alcoho 
the others young. As no arterial 


the details of the experiments will not be recorded he: 


It seems fair to conclude 


eases, diffuse arterial lesions exist w! 


In other acute infections no arterial lesions occur. 


may 


esions appeared in at 


} 


certain of the a 


will undoubtedly leave on healing a permanent scle 


system. 
Toxins will cause arterial 


process of the infectious disease (other a 


1\ 


1, and also by 


A few of the rats were quite old and 


; 


of the animals, 


ute infectious dis- 


be the resu 


Some 


t of toxie action. 


4 | ? 
ol these lesions 


rosis in the arteria 


i 


lo ally at the site of the active 


ithors) or locally in some dis- 


tant organ such as the kidney, as was seen in the above case of scarlet 


fever. 
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HI DIAGNOSTI IMPORTANC] ()] ALBUMIN 
ALBUMOSE IN THE SPUTUM AND THEIR 
RELATION TO OCCULT BLOOD 
EDWARD H. GOODMAN 
PHILADI r 

Resear f i! e chemistl the sp a 

ose made in the study of the excretions ar = ol other orgal 
the body ind what is heen done is not heel mut alu 
» clinicians, partly because of elaborate t eCAUSE 
ertainty in results obtained. 

For a critical review of the work publis a ne t ‘ 

eferred to an article by Wanner,? in whi e reports a comprehens 
study of the sputum from various pulmonary « ynditions, s as ( 
bronchitis, bronchiectasis, pulmonary tuberculosis, p nary infa 
vungvrene and pneumonia, devoting specia ittention tf rULTN IT 
bumose content. 

He regards any albumin reaction : Ol in a slig 
ypalescence as pathological, and if there is at ulbun with the hea 
and acid test, then the sputum ceases to be a secretion. In other words 
the underlying morbid process is not bronchitis In distinguishing 
between this condition and pulmonary tuberculosis, t presenc 
lbumin speaks unconditionally in favor of er ys]s 

\s to the origin of albumin, Wanner ca ttention to three s : 
from which it may be derived, namely, from the glands of the mucous 
nemobrane, [rol tne blood-vessels of the bron il tree, and ! ule 

no e bron or the lung parenclivma \lbumose he regards as 
=p product of albumin, produced by bacte ind autolvsis 

it ently Rowe and Levy-Valensi° have ca ittel on to the i 

f examining sputa for albumin and they claim to have discovered i 
t qualitative detection of protein a uniform reliable means 

ignosing tuberculosis from bronchitis, pulmonary emphysema a1 

1 ms as svphilis, gangrene and cal i studies have be 
From the la itorv of Dr. John H. Musser 
*Read before Pathological Society of Philadelp March 23, 1911 
1. Wanner: Beitriige zur Chemie des Sputums, Deuts Arch. f. klin. Me 
1903. Ixxv. 347 
2. Roger an l Valensi Albumine it s, Pr 
aln ga 
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corroborated by Wourmann, Oddo and Gachet, and by Cornu (all quoted 
by Roger)? and most recently by Geeraerd. 

The last-named author is particularly enthusiastic about the test 
and goes so far as to say that if a case of tuberculosis presents no albumin 
in the sputum, it is proof of cicatricial contraction, and should albumir 
appear a new cure should be begun. He lays especial emphasis on 


coupling the chemical examination of the sputum with the cutaneous 


reaction, and should albumin and the latter be present, then tuberculosis 
s present be pel dventure of a doubt 

rhe } s of Roger and Levy, and oth ere so optimist n 
the reliab the aidDumin test, nd the wi sput Au chi Su 
nas bet SO W Vy negiecte 1, tl it J have been ind ) Tae ) studies 
along similar lin 

Sputa containing macroscopic blood were, of course, discarded, and 
for our first t] rty-five cases this was the only precaution 0 served. T< 


our surprise practically every sputum contained either albumin or 


albumose, or both, and my attention was directed to the possible contami- 


nation of the sputum by small quantities of blood, which might be 
invisible macroscopically or microscopically, but which we might recog 


nize by means of a subtle chemical test. 


TECHNIC 

A portion of sputum was collected in a large dry bottle, mixed with 
equal parts of water, and thoroughly stirred with a glass rod. The 
sputum should not be allowed to stand in a warm place, since putrefactive 


changes readily occur and albumin is split off from the mucus.? A few 


drops of acetic acid are now added to precipitate the mucus, and this 
part of the procedure must be performed with extreme care. To make 
sure of this, a small portion should be filtered and to the filtrate one or 
two drops of acetic acid added. If no cloud appears, the precipitation 
has been complete. Too much acetic acid may prevent the coagulation 
of albumin. 

The sputum is now filtered and, to one portion, saturated salt solu- 
tion is added, the solution boiled and one or two drops of acetic acid 
added. In the presence of albumin a cloud appears. ‘To a second portion 
is added one drop of a saturated solution of potassium ferrocyanid which 
will precipitate the albumin. 

Albumose.—A portion of the filtered sputum is mixed with an equal 
portion of a saturated solution of sodium chlorid, boiled and filtered 





3. Geeraerd: L’albumino réaction de l’expectoration chez les tuberculeux, 
Jour. med, Bruxelles, 1910, 505. 
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One portion is kept hot and the other cooled, and if albumose is present 
there appears a cloud in the cooled portion. 


Occult Blood.—Application of the benzidin test was made (Good- 


man‘). A portion of the sputum after mixing with equal parts of water 
is thoroughly shaken with glacial acetic acid. The solution is then 
boiled, cooled and tested with benzidin. Occult blood was adjudged 
present when there was a distinct blue color imparted to the particles of 
sputum or to the liquid as a whole. 

The tuberculous cases have been arbitrarily divided into incipient 
and advanced. Under the first heading are grouped those cases of infil- 
tration with but few physical signs, while under the second heading are 
arranged those cases presenting consolidation of one or more lobes, with 
or without cavity formation. 

The first thirty-five cases, in view of the later findings, have been 
rejected, and in the cases on which our study is based, the following 
examinations have been made: Albumin, albumose, microscopic for 
erythrocytes, occult blood and tubercle bacilli. The cases we have 
arranged in five tables, a study of which will prove of more than passing 
interest. 

In the first place it will be seen that in the vast proportion of cases, 
occult bleeding, albumin and albumose go pari passu, and it must be 
recognized that minute extravasations of blood constitute the ch 
source of the albumin content of the sputum. 

In the second place, microscopic examination of the expectoration 
in itself does not constitute sufficient data on which to decide whether 
the sputum does or does not contain blood. A final opinion can be 
reached only after chemical tests have been made. 

Thirdly, neither albumin nor albumose is in itself significant of 
pulmonary tuberculosis, since we have found both present in other condi- 
tions (bronchitis, asthma, emphysema, pleurisy, heart disease). Its 
absence is likewise not indicative of the non-tuberculous nature of thi 


condition, since in many cases of tuberculosis, no albumin has beer 


found. 

An interesting point is that occult bleeding is seen in many cases ¢ 
incipient tuberculosis and is not a feature alone of the advanced stages 
It seems to bear no relation to the presence or absence of tubercle ba 

In fifteen of our cases, either albumin or albumose, or both, wert 
pres¢ nt when no occult blood could be dete ted, and we have no explana 


tion for this phenomenon. Likewise we are at a loss to interpret the fo 


4. Goodman: The Examination of the Feces for 
Reference to the Value of the Benzidin Test, Am. Jour. Med 
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Diagn sis 


Pn ‘uamMonia 
Pneumonia 
Pneumonia 
Pneumonia 
Pneumonia 
Pneumonia 
Pneumonia 


Pneumoni 


Pheumor 
Pneumor 
Bronchitis 


sronchitis 
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PaBLeE 3.—NoN-TUBERCULOUS CASES 
No \lbumin Albumose R.B.C Occult Blood 
>»? 0 0 0 0 
o 0 0 0 a) 
24 0 Very slight trace 
) 0 Slight trace 
26 0 Very slight trace 
27 VL Few Trace 
s Few lrace 
; 0 0 0 
TABLE 4 [TUBERCULOUS CASES WITH ALBUMIN 
OccutT BLoop 
N Albumin Albumose R.B.C Occult Blood 
] + 0 0 
2 4 - 0 0 
} } 0 0 
} 0 0 
5 Slight tr. Slight tr. 0 0 
“ 0 7 
- 0 0 
a | t) 1) a) 
9 0 Tra 0 i) 
Ww + 0 0 
11 : 0 Y 
1? 0 0 
TABLE 5 NoN-TUBERCULOUS CASES WITH ALBUM 
Occutt BLoop 
No. Albumin Albumose R. B. C. Occult Ble 
l 0 0 
2 0 0 
i 0 0 


UYEDICINE 


Continued 


r. B Diagnosis 
0 Bronchial asthma 
v Pleurisy 
0 Pleurisy 
0 Empyema 
0 Gastritis 
0 Hyperchlorhydria 
0 Heart disease 
0 Hereditary syphilis 
AND ALBUMOSI UT NO 
r.B Diagnosis 
Advanced 
+ Advanced 
0 Incipient (healed 
0 Incipient (healed) 
0 Incipient (healed) 
+ Incipient (healed) 
Incipient (healed) 
0 Incipient (healed 
Ly Incipient (healed 
0 sncipient (healed 
Incipient (healed) 
0 Incipient (healed 
IN AND ALBUMOSE BUT NO 
1 Diagnosis 


Pneumonia 
Pneumonia 


Hereditary syphilis 


raste 6.—Cases or Occutt Bioop But with No ALBUMIN OR ALBUMOSE 

No. Albu Albu- R. B. ¢ Occult Blood T. B Diagnosis 
min mos 

l 0 t v7 Slight tr 0 Advanced tuberculosis 
? 0 0 0 Slight tr. 0 Bronchitis 
3 0 0 ) Very slight tr 0 Incipient tuberculosis 
j 0 0 0 rrace 0 Pneumonia 

I am indebted to Drs. Landis, Francine, Corson and T. Mellor Tyson for 
placing material at my disposal. Use has been freely made of sputa obtained 
from cases in the private practice of Dr. Musser and in his ward in the Presby 
terian Hospital 


248 South Twenty-first Street 
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EXPERIMENTS WITH THE INTRAVENOUS INJECTION 
OF SALVARSAN IN ACID SOLUTION * 


J. AUER, M.D 


W YORK 


INTRODUCTION 


In the vast literature already existing about Ehrlich’s wonderful 
discovery there is little experimental] evidence on the action of salvarsan 
in acid solution when given intravenously. The drug has been occasion- 
ally given in this form to human beings by a few clinicians, but their 
results need not concern us here, for it is obvious that the best method 
for administering an admittedly toxic substance cannot be thorough! 
tested on human beings. These considerations made it desirable to inves 
tigate this aspect of the subject, and therefore the tolerance of rabbits 


for salvarsan was tried out when this substance was dissolved in 0.9 pe 


cent. salt solution and injected intravenously. Practically the onlv exper 


mental contribution which demands consideration here has been the wo 
of Hering,: who tested the effect of 606 when dissolved in 0.9 per cent 
saline so as to form a 0.5 per cent. solution. 

This solution was infused through the jugular vein of rabbits and 
dogs, and their blood-pressure recorded. This author found that 4 to 5 
mg. per kilo rabbit, infused during five to ten minutes, caused death on¢ 
half to two minutes after stoppage of the infusion. Similar results wer 
obtained with dogs. On the basis of this experimental evidence he warns 
earnestly against the employment of acid solutions in human therapeutics 
In tl 


show that Hering’s warning is applicable only to the acid solution in 


cht forward to 


e following pages experimental evidence will be brou 


0.5 per cent. strength; it emphatically does not apply to the acid solution 


> ’ 1 
oF saivarsan when sufi 


ciently a lute. for example. in a strencth of 0.1 
per cent 
EXPERIMENTS 
Methods. All the experiments were car! ed out by th ntravenous 


l 


nfusion of the drug in rabbits. The solutions were injected either int 


the jugular vein or the marginal ear vein. When the injection was givet 


nto the jugular vein, the animal was first etherized, in order to insert 


he venous and arterial cannulas. After recovery from the anesthetic. 
the solution was allowed to flow into the vein from a Mariotte burette at 
*From the Department of Physiology and Pharmacology of the Ro 
Institute. 

l. Hering: Miinchen. med. Wehnschr., 1910. lvii. 2621 








170 THE ARCHIVES OF INTERNAL MEDICINE 


a pressure of about 15 em. of water. The blood-pressure was usually 
mercury manometer connected with the carotid artery. 
t tubing being filled with a half-saturated solution of sodium sulphate. 


The solution of salvarsan was always prepared by grinding the powder 


a sterile mortar with gradually increasing quantities of sterile 0.9 per 
cent. saline, until a clear solution of the required strength was obtained 


This initially clear solution always showed a moderate opalescence after 


some hours \fter a sealed tube of salvarsan had been opened, the sub 
stance was used as a rule within a few hours; if anv remained, it was 
discarded No solution was ever utilized which had been prepared the 


previous day. 

The first two series of experiments need but little discussion; the 
main results will be seen in the subjoined tables. In the first series a 
0.25 per cent. solution of salvarsan was infused through the jugular vein. 


Both animals died after receiving per kilo respectively 41 and 57 mg 
One died twenty-five minutes after stoppage of the infusion, with toni 
and clonic convulsions: the other died during the night. 

In the second series a solution of 0.5 per cent. strength was infused 
slowly through the jugular vein. Four out of five animals succumbed 


after receiving a much smaller dose per kilo body-weight than when the 


solution, as in Series 1, was half as strong. Further details will be seen 
in Table 2. 


These two series of experiments show clearly the effect of concentra- 


tion of solution on the size of lethal dose: with 0.25 per cent. strength 
(Series 1) the animals needed from 40 to 50 mg. per kilo body-weight: 
with a solution twice as strong, viz., 0.5 per cent., the lethal dose varied 
between 4 and 16 mg. per kilo weight. In other words, if the infused 
solution was diluted twofold (0.5 per cent. to 0.25 per cent.) the maximal! 
tolerance was increased over four times (10 mg. to 40 mg.). It therefore 
seemed possible that a still greater dilution would permit the infusion of 
fairly large amounts of salvarsan and yet save the animal. It may be 
stated at once that this expectation was realized when the infusions were 
carried out with 0.1 per cent. strength. Table 3 (Series 3) gives a brief 
summary of this experiment. 

These animals, during and after the infusion of about 12 mg. per kilo, 
were never in any obvious danger. During the infusion the respiration 
was slowed, but the blood-pressure remained practically at the normal 
level. All of the animals were in good condition at least sixteen davs 
after the injection. It will be seen, however, that the infusion rate was 
exceedingly slow, at times less than 0.5 ¢.c. per minute. The exceeding 
owness of this rate will be realized when one considers that 0.5 gm. of 


s] 


salvarsan would thus require over sixteen hours for its infusion. Such 


a method of introducing a drug is therefore only of academic value, pro- 


vided that the infusion rate cannot be increased. To test this another 
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series of experiments was « irried out (Series 4) n which the attempt 


was made to inject large quantities per kilo in a shorter time than in the 
experiments of Series 3; in addition it was also determined whether the 
acid solution causes pain and irritation when injected into a superficia 
vein, especially if some of the solution should escape into the adjacent 
tissue. These injections were made with 0.1 per cent. solutions injected 


'y means of a svringe into the marginal ear vein of non-anesthetized 


rabbits. 

This last series shows verv well that a comparatively large dose 
salvarsan in acid solution may be injected intravenously with 
in rabbits without causing pain or obviously endangering the animals’ 
lives. The muscular weakness which was noted in Series 3, in which the 
animals were anesthetized in order to insert cannulas into the external 
jugular vein and into the carotid artery, was markedly less pronounced 
it 


in the animals comprising Series 4, when the injections were carried 01 


minus anesthesia or operative interference. 
DISCUSSION 


In the foregoing pages experimenta evidence has been submitted 
which shows that the toxicity of salvarsan in acid solution (viz., simply 
dissolved in 0.9 per cent. saline) when injected intravenously in rabbits 
varies inversely with the concentration of this substance in the solutions 
employed. Thus for example, when salvarsan was injected in 0.5 per 
cent. solution (Series 2), four out of five animals died on the holder 
after receiving 4 to 16 mg. per kilo, while in Series 3, and especially in 
Series 4, the rabbits tolerated 10 to 22 mg. per kilo in 0.1 per cent 
solution without any marked evil effects. Moreover, all the animals of 
these two series (eight rabbits) were alive and well at least sixteen davs 
after the injection. In order to emphasize the amount injected it may 
be permissible to express this result in terms of a 70-kilo person. Suc! 
a person would easily tolerate, on the basis of these data, 0.7 to 1.5 gm. 
of salvarsan when given intravenously in 0.1 per cent. acid solution. It 
must be emphasized that the above doses for rabbits are by no means the 
maximal doses of the 0.1 per cent. solution which are just tolerated with 
safety; although I have no experiments to support this statement, it 
seems probable to me that still larger amounts may be injected before 
seriously endangering the animal’s life. 

From the tables of Series 4 it will be seen that the rate of injection 
is still fairly slow, the fastest rate employed being 6 c.c. per minute, and 
the slowest about 3 ¢.c. per minute. This rate can be doubled without 
trouble or danger. In five reinjection experiments, 20 mg. of salvarsan 
per kilo in 0.1 per cent. solution were introduced through the ear-vein 
at a rate of 15 c.c. per minute; the animals showed no distress. At this 


rate 0.5 gm. could be incorporated in a little over half an hour. 
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Anotlier point of interest noted in the series of animals which received 


the drug through the ear-vein was this: none of the animals showed any 
pain whatsoever during or after the injection, nor did any marked inflam- 
mation or necrosis result. This was especially striking in one animal, 
S17, in which some of the injected solution accidentally infiltrated a 
small area of tissue. No edema or marked inflammation occurred at any 
time during the next twelve days. The marginal ear-vein merely became 
thrombosed, and later showed a slight degree of inflammation, such as is 
usually observed after any injection into this vein. A much severer 
reaction at the site of injection was expected because of the technic I 
employed ; the hypodermic needle was always inserted 1.5 to 2 cm. into 
the vein and then anchored by two bulldog clamps which gripped the ear 
and the needle. This more or less marked crushing of the tissues, espe- 
lly of the injected vein itself, would surely aid in bringing out what- 
ever irritating qualities the injected solution possessed. In spite of this 
none of the rabbits showed pain at any time, and in no rabbit did any 
marked inflammation occur, even when some of the 0.1 per cent. solution 
infiltrated the wall of the vein and the surrounding tissue. In but one 
rabbit (S16) did moderate edema of the ear occur. This edema was 
noted within twenty-four hours after the injection and was by no means 
extreme; twenty-four hours later it had disappeared entirely. 

It may be remarked in passing that the acid content of salvarsan is 
very small, only 83 mg. of hydrochloric acid per 0.5 gm. This amount 
in a 0.1 per cent. solution of the drug makes an exceedingly dilute solu- 
tion of the acid, so dilute that the alkaline tissue juices can have no 
trouble in reducing and neutralizing the acidity of the solution which 
escapes into the surrounding tissue. This is an advantage not possessed 


by the strong |\ alkaline solutions generally emploved. 


OTHER OBSERVATIONS 


While the main object of this investigation was to determine the conditions 
under which fairly large quantities of an acid solution of salvarsan could be 
safely infused in rabbits, a number of other data were gathered during the course 
of the work which are worthy of being recorded. 

{utopsy Notes.—In practically all the fatal cases in Series 1 and 2 there was 
an excess of clear yellow fluid in the peritoneal cavity and in the thorax. This 
was especially well marked in the two rabbits of Series 1. No excess of fluid was 
The intestines were, as a rule, pale, while the mesen 


seen in the intestine itself. 
distended with blood. The lungs in almost all 


teric vessels were moderately 
instances showed signs of pulmonary edema, which, however, was never so 
extreme that foam was found in the trachea. The heart usually was distended 
with blood when the autopsy was made immediately and was in a state of block, 
the auricles beating three or four times to one weak ventricular contraction. The 
blood coagulated readily within three to five minutes. 

Most of the surviving animals voided urine within the twenty-four 
In one rabbit only (S8) about forty-eight hours 


Urine 
hours following the injection. 
elapsed before urine was passed; this rabbit was the only one which survived 


when the drug was given in 0.5 per cent. solution; all the other survivors belonged 


has 
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to the 0.1 per cent. series None of the urines voided by these surviving rabbits 
reduced copper solution. Only one rabbit showed sugar in the urine; this was 
Rabbit S84, which received over 41 mg. of salvarsan per kilo in 0.25 per cent. solu 
tion. This rabbit died during the night, and the urine obtained from its bladdet 
showed 2.5 per cent. sugar according to Pavy’s method It will be remembered 


that this rabbit also showed a large excess of free fluid in the peritoneal and 


pleural cavities. 

Weight \ll of the surviving rabbits were carefully weighed at regular inter 
vals after the Injection It soon became apparent that the members of the two 
series, 3 and 4, reacted differently, although both received the drug in th 
same concentration The rabbits of Series 3 all showed, during the first few 
days, an initial loss of weight which varied between 130 and 230 gm., and normal 
weight was not regained until about ten days had passed. The rabbits of Series 4, 
on the other hand, showed in three cases (S14, S15, S16) a gain of weight in 
three days varying between 160 and 470 gm.; this initial 
maintained, so that twelve days after the injection their weights were still 150 
The fourth rabbit of this series showed a loss of 90 gm 


increase was well 


to 300 gm. above normal. 
one day after injection, but this loss was repaired within five days. It must be 
added that no surviving rabbit of any series showed diarrhea at any time. 

rhis difference in reaction to the same solution, for both series received the 
drug in 0.1 per cent. strength, is probably due to the different methods employed 
In Series 3 the animals were subjected not only to the depressing effect of sal 
varsan but also to the unfavorable action of the ether, operation, etc.: while 
animals of Series 4 were exposed to the effects of salvarsan alone. This result is 
interesting, for it indicates that even normal animals when injected with the 
same solution under different conditions may show fairly striking differences ir 


the end-result. 

Fall of Blood-Pressure.—Another point of interest, which was brought out by 
the blood-pressure experiment of Series 2, is this: with fairly concentrated solu 
cent. in this instance, the blood-pressure may sink profoundly 


tions, 0.5 per 
‘7. S8, the blood pressure suddenly 


without any warning. In the experiments S3, S7, 
dropped markedly. In two animals this ended with death; one recovered. The 
blood-pressure before this drop was still good, ranging between 65 and 80 mm 
More 


of mercury, and there was nothing to indicate a weakening of the heart 
over the fall occurred in two cases on resuming the infusion which had been 
stopped for a number of minutes. This drop of blood-pressure is probably due to 
a sudden weakening of the heart. These three experiments show well how 
swiftly a dangerous and even fatal fall of blood-pressure may occur with 0.5 per 
cent. solutions, even when infused with extreme slowness. 

Reinjection Experiments.—A number of the surviving rabbits were again 
injected with the 0.1 per cent. acid solution. Thus S88, S11, S14, S815, S16 received 
20 mg. of salvarsan per kilo body-weight, sixteen to twenty days after the first 
injection. The reinjection was given through the marginal ear-vein at a rate 
varying from 10 to 17 ¢.c. per minute. The animals were quiet after the injection 
and the respiration was considerably slowed, ranging between 50 and 80 per 
minute. The temperature always showed a rise of at least 1° C. within two or 
three hours after the injection; the highest temperature obtained was 41.5 C. 
The average normal temperature was about 39.5 C. This period of fever did 
not last long as a rule; after less than twenty-four hours the temperature had 
dropped to normal. It deserves notice that the slow respiratory rate mentioned 
above was also obtained during the stage of fever. All the rabbits stood the 
heavy dose of salvarsan very well, and no ill effects were seen except that S16 
developed a massive edema of the injected ear; this edema disappeared within 
three days. In none of the other rabbits did an edema appear It will be 
remembered that the same rabbit, S16, reacted with a moderate edema to the 


first injection of salvarsan. 
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RESULTS 

Acid solutions of salvarsan, i. e., salvarsan dissolved in 0.9 per cent. 
saline solution, may be injected intravenously in rabbits with safety pro- 
vided that the solution is dilute. 

With a 0.1 per cent. solution in 0.9 per cent. saline as much as 22 mg. 
and probably more per kilo may be safely infused ; this would correspond 
in a 70 kilo individual to 1.5 gm. 

Concentrated solutions of salvarsan in saline, i. e., 0.5 per cent., are 
dangerous and usually fatal in rabbits even when infused with great 
care; the fatal dose varies between 4 and 12 mg. per kilo. This agrees 
practically with the experimental results obtained by Hering. 

The acid solution in 0.1 per cent. strength causes no pain or marked 
inflammation when injected into the ear-vein of rabbits, even when som: 


of the solution infiltrates the surrounding tissue. 

Hering’s energetic warning against the intravenous injection of acid 
solution of salvarsan in human beings has experimental justification on] 
for 0.5 per cent. solutions of the drug. It does not apply to sufficiently 


dilute solutions, for example, solutions of 0.1 per cent. 


Attention mav be called to the fact that 0.5 gm. of salvarsan contains 
only 0.083 gm. of hydrochloric acid, a quantity which corresponds to about 
0.25 e.c. of the ordinary 32 per cent. concentrated acid. A 0.1 per cent 
solution of the drug is therefore only weakly acid. It also must be noted 
that the tissues of the body are better able to protect themselves against 
harmful acidity than against harmful alkalinity: against an acid solution 
the body tissues may mobilize neutralization and dilution; against harm- 
ful alkalinity practically only dilution is available, the carbon-dioxid 
content of most tissues being probablv too small to play much of a réle 
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URINE FORMATION DURING ETHER ANESTHESIA* 


P. B. HAWK, Px.D 


URBANA, ILI 


In a previous paper’ | reported the data from a series of experiments 
on the diuresis following ether anesthesia. In those experiments, which 
were made on dogs, it was shown that ether narcosis induced for periods 
varying in length from thirty minutes to four and one-half hours was 
followed in every instance by an initial diuresis, the extent of the diuresis 
being proportional, in some instances, to the length of the anesthesia 
period. This point was well illustrated by the initial diureses of 5.7 per 
cent., 6.8 per cent., 12.9 per cent. and 24.8 per cent. which followed ether 
anesthesia periods of one-half, one, two and four and one-half hours 
respectively. It was further shown in these experiments that the diureti: 
effect of the ether was persistent in every case except one. The ultimate 
average daily percentage increase in the urine volume ranged from 3.1 
per cent. to 20.7 per cent. for subsequent intervals of from five to four 
teen days. 

The data from the experiments mentioned above gave us no informa 
tion as to the actual conditions of urine formation during the time the 
animal was under the influence of the anesthetic. It was therefore subse 
quently determined to investigate the rate of urine formation under ethe1 
anesthesia, using in these tests the identical animals utilized in the experi 
ments already mentioned. Three of these animals (Dogs 1, 3 and 5) 
were therefore made the subjects of the demonstration. 

The plan of the experiments here reported was simple. The animal 
was placed under ether anesthesia, after which the abdomen was opened 
and cannulas inserted in the ureters. The rate of urine formation was 
then carefully observed, the volume formed during each hour being accu 
rately measured. 

DISCUSSION OF DATA 

The data from the first experiment (Experiment 12) are given in 

Table 1. The subject of this experiment was Dog 1, a bitch weighing 


about 5.5 kg. Anesthesia was induced for a period of ten hours an 


twenty minutes during which time a urine flow aggregating 19.7 ¢.c. was 
registered. During the first two hours a volume of 1.9 ¢.c. was collected 
*From the Laboratories of Physiological Chemistry of the University of Illi 
nois and of the Department of Medicine of the University of Pennsylvania 
1. Hawk: Jour. Med. Research, 1908, new series, xiii, 203 
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indicating a total urine formation of 3.6 c.c. for this period, inasmuch as 
the two cannulas had a capacity of 1.7 ¢.c. The most rapid formation of 
urine was noted between the fourth and fifth hours of anesthesia. During 
, 


this interval 5.7 ¢.c. of urine was formed. Following this hour there was 


1 pronounced decrease in the rapidity of urine formation, as is shown by 
the subsequent collection of fractions of 4.1 c.c. and 2.4 ¢c.c. respectively 
during the two one-hour periods immediately following During the 
next four hours the urine-forming function was practically suspended, 


as is shown by the formation of only 0.5 ¢.c. of urine. The specific grav- 


ity of the various fractions of urine ranged from 1.028 to 1.057. This 
igh specific gravity was due in part to the presence of dextrose, inas 
much as glycosuria accompanied the anesthesia. Analvsis of a composite 
sample of urine showed the presence of 5.29 per cent. of dextrose Ou 
other data on the glveosuria following ether anesthesia have been pr 
sented -<ewhere 
TABLE | RATE OF URINE FORMATION UNbDER ETHER ANESTHESIA 


Dog 1, EXPERIMENT 12)* 


Fraction Collected Volume— Specific 
Ne Hour Length of Fraction rotal Gravity 
lime ite ot 
Induction of Fraction 
Anesthesia 
" hrs min ‘ 
l 12:40 2 10 1.9 1.9 1030 
2 1:30 3 2.1 1.0 1042 
3 2:20 3 50 1.3 5.3 1030 
$ 3:10 $ +17 5.7 11.0 1036 
5 $-00 5 30 +1 15.1 1028 
6 $:50 6 20 2.4 17.5 1057 
7 8:50 1O 20 0.5 18.0 1040 
s Urine in cannulas at 
end of experiment 1.7 19.7 1030 


*Cannulas in ureters and ether narcosis induced for ten hours and twenty 
minutes 


The second of our urine-formation studies (Experiment 13) was 
made on Dog 3, an animal weighing about 8.5 kg. The data are given 


in Table 2. The period of anesthesia was eleven hours and fourteen 


minutes in length. In this experiment 5.1 ¢.c. of urine were collected 


during the operation. The first fraction collected from the ureters was 


l 1 


one of 1.9 e.c.. whi 


was completed in an hour and three quarters after 
he induction of anesthesia. The data in this regard from Experiments 
12 and 13 are very similar, in that the same volume of urine was formed 


during very similar periods of time. The maximum urine formation 
, 


occurred between the second and third hours of anesthesia in this experi- 


ment, as against a fourth-fifth hour maximum in the case of Dog 1 


2? Hawk: Postanesthetiec Glveosuria Ee ARe ves Int. Mep IO] ii, 39 
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From the point of maximum formati 


observed in the hourly urine 


of this function. The final 
eleventh hours of anesthesia were 0. 
tively. 
total volume of urine formed by this 


“ 


and fourteen minutes was 20.7 e¢.c. as 


Collected during operation. 


> 


No urine was formed during the 


HAWK 


formation, indicat 
fra tions colle ete d 


c.c, and 0.5 


inimal! in 


against 19.7 


tRemoved from cannulas at end of experiment 


The third experiment of this series (Experin 


bitch weighing about 6.5 ke. The 
This ext 


and twenty-four minutes. 


time of 


eriment 


somewnhi 


last half 


ent 14) 
anesthesia 


| 
Was marked 


an interval of ten hours and twenty n 


vious experiment in 
specific gravity of the urine fractions varied from 1.020 to 
suria was also demonstrated in this periment, compo 
inalvsis showl! 6.32 ner cent. of dextros« 
rABLE 2 RATE OF URINE FORMATION UNDER rHER ANES1 
Doc 3, EXPERIMENT 13)* 
Fraction Collected Volume 
No Hour Length of Fracti Total 
Time It 
Induction of 
Anesthesia 
= hil ( 
] 10:30 a.m. 14t 1 
2 12:00 m l 44 1.9 7.0 
3 12:30 p.m 2 14 2.2 9.2 
} 1:00 p. m. 2 44 2.4 11.6 
5 2:00 p.m. 3 44 1.9 13.5 
Th 3:00 p.m. } 44 1.3 14.8 
7 4:00 p.m 5 +4 1.0 15.8 
8 5:00 p. m. 6 44 12 17.0 
9 6:00 p.m, 7 44 0.5 17.5 
10 7:00 p.m . 44 1.0 18.5 
ll 8:00 p.m, 9 44 0.3 18.8 
12 9:00 p. m 10 44 0.2 19.0 
13 9:30 p.m. ll 14 1.7t 20.7 
*Cannulas in ureters and ether narcosis induced eleven | 
teen minutes 


Was 
| 


complete suppression of urine formation throughout the pe 


thesia. Only 3 c.c. of urine wer 


first fraction (0.9 ¢.c.) was collected 


had been induced, thus indicating t 


urine during this interval when the capacity of t 


During the following hour 


from that hour 


account. 


until the 


end of the ey 


eight hours, no urine was formed 
very concentrated as shown bv spe 


1.068 


The 


formed in over 


about four 


4 | 
e actua 


} } e.c. of 
periment, 
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rravities 


twe 
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lve he 
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foray} 


this ex 


afte 


was 


1020 
1022 
1025 
1025 
1044 
1046 
1050 
1054 
11144 
1038 
1030 
1734 


1030 


rs and four 
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The rectal temperature of this animal (Dog 5) was taken after eleven 
hours under ether and found to be 23° C. or 15° below normal. 
This observation is right in line with similar findings by Simpson*® in 
experiments on monkeys. In Simpson’s experiments, however, the animal 
was placed in a cold chamber having a temperature of 8.8 C., whereas in 
our tests the animal was at room temperature. In one instance a reduc- 
tion of body temperature to 14 C. was observed by Simpson, this lowering 
of body temperature being followed by complete recovery, whereas in 
another instance a reduction to 12.5 C. caused the death of the animal. 
The paralysis of the heat-regulating mechanism, under the influence of 


ether, as shown in these experiments on dogs and monkeys, is of consid- 


erable interest 


TABLE 3.—RATE OF URINE FORMATION UNDER ETHER ANESTHESIA 
(Dog 5, EXPERIMENT 14)* 





Fraction —— Collected ——— —Volume Specific 
No Hour Length of Fraction Total Gravity 
lime after of 
Induction of : Fraction 
Anesthesia 
m hrs. min CA CA 
] 1:10 3 4 0.9+ . 1050 
2 2:15 4 9 0.4 1.3 1055 
3 10:30 12 24 1.7t 3.0 1068 


*Cannulas in ureters and ether narcosis induced for twelve hours and twenty 


four minutes. 
+This urine was collected entirely from the right kidney. 
tRemoved from cannulas at end of experiment 


When we compare the data from the three experiments on urine forma- 
tion, we find that two of them present very similar conditions. In Experi- 
ment 12, as well as in Experiment 13, the urine-formation was most rapid 
during the first portion of the anesthesia period. For example, in Experi- 
ment 12, in which the period of narcosis was ten hours and twenty 
minutes, the maximum urine flow occurred between the fourth and 
fifth hours, whereas in Experiment 13, in which the period of anesthesia 
was eleven hours and fourteen minutes, the maximum output was secured 
between the second and third hours. These two experiments are similar 
also in that the point of maximum urine formation was followed by a 
gradual inhibition of the urine-forming function which finally resulted 
in the practical cessation of all flow. The two experiments under com- 
closely comparable from the standpoint of the volume of urine 


parison ar 
formed during the anesthesia periods. The data indicate that in the first 
experiment 19.7 ¢.c. of urine were formed in ten hours and twenty min- 


Yn 


utes, whereas in the second experiment 20.7 c.c. of urine were formed 


eleven hours and fourteen minutes. In other words, in one instance 


3. Simpson Jour. Physiol., 1902, xxviii, Proceedings p. 37. 
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average of 1 c.c. urine was formed every 32.5 minutes, whereas in t 
other instance a similar volume of urine was formed in 31.9 minutes 
When we consider the data from Experiment 14, it is at once apparent 


+ 


that there are few points of similarity between this experiment and the 


two experiments just discussed. ‘The main point of similarity is found 


in the fact that the most rapid urine formation took place during the 


ll also be observed, however, that the total 


early hours of anesthesia. It wi 
volume of urine formed during the experiment (3 ¢.c.) was only 15 per 
cent. as great as that formed in Experiment 12 and only 14 per cent. as 
great as that formed in Experiment 13. This is particularly surprising 
when it is remembered that the length of the anesthesia pel od was twelve 
hours and twenty-four minutes, an interval about two hours longer than 
the anesthesia period of Experiment 12 and about one hour longer than 
that of Experiment 13. It took twice as long (ten minutes) to get the 
subject of Experiment 13 completely under the influence of the anes 
thetic as it did the subjects of the other tests. 

Similar inhibitions of the urine-forming function to that observed 
by us have been reported by Kemp* in experiments on dogs and by Tait® 
n connection with certain surgical procedure in which ether was th 
anesthetic. Seelig® and Goll’? have also observed the partia! suppression 
of urine formation under the influence of ether anesthesia. Some experi 
ments made by Professor Gies and myself during the investigation of 
external hemorrhage are also of interest in this connection.* In on 
experiment the animal (dog) was placed under ether anesthesia and can 
nulas inserted in the ureters and the left femoral artery. The normal 
course of the urine formation was then observed for one hour. The ani- 
mal was then subjected to a hemorrhage in which blood equivalent to 3.14 
per cent. of the body weight of the animal was removed. The formation 
of urine gradually decreased as the blood was being withdrawn and one 
minute after the end of the hemorrhage the urine flow entirely ceased 
In twenty minutes the flow began again. A second hemorrhage induced 
about three hours later was accompanied by the same features regarding 
urine flow. In other experiments the blood removed from the animal 
was defibrinated and returned. The return of this defibrinated blood was 


in the rate of urine formation, in 


found to cause an immediate increas 


some instances the rapiditv of urine flow being greater than norma 


SUMMARY 


Three experiments were made to study the rate of urine formatior 
inder ether anesthesia. Dogs were used as subjects, cant s being 


4. Kemp: New York Med. Jour., 1899, Ixx 
5. Tait: Brit. Med. Jour., 1880, ii, 845 

6. Seelig: Arch. f. exper. Path. u. Pharmakol., 1904-05, lii, 481 
7. Goll: Ztschr. f. rat. Med., 1854, iv, 78 

8. Hawk and Gies: Am. Jour. Physiol., 1904, xi, 228 
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inserted the ureters and the volume of urine formed for periods of 


from ten hours and twenty minutes to twelve hours and twenty-four 
minutes observed. 

Two of the experiments yielded very similar data. In each instance 
the first portion of the period of narcosis witnessed the most rapid forma- 
tion of urine, the maximum output occurring in one case between the 
second and third hours and in the other case between the fourth and fifth 
hours, the flow gradually decreasing in each instance from this point to 
the end of the experiment. The average excretion for each experiment 
was approximately 2 c.c. per hour. 

The third experiment, although embracing the longest anesthesia 
period, was also marked by the smallest urine flow. Only 3 c.c. of urine 
were formed during twelve hours and twenty-four minutes of anesthesia, 


ly suppressed during the last eig 


the flow he ing entire ht hours of this 


interval. Glycosuria was observed in each experiment. 

A body temperature (rectal) of 23 C. was observed in a dog after the 
animal had been subjected to the influence of ether anesthesia for 
period of ten hours. 

Taking the data from these experiments into consideration with the 
data from others already reported’ it is apparent that ether anesthesia 
causes an inhibition of the urine-forming function during the time anes 
thesia is induced, but that such inhibition is quickly followed by a stimu- 
lated urine flow which is initiated as soon as the period of anesthesia 
terminates. 

The inhibition of the urine-forming function was probably due to the 
effect of the ether in constricting the arterioles of the kidney’s blood- 
supply. A contributing factor may have been the increased affinity of the 
tissue colloids for water brought about through the influence of the ether. 
thus leaving less water to be excreted through the kidneys.® 


9. See Fischer’s Edema,, 1910, p. 194. 
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THE LABORATORY DIAGNOSIS OF GENERAL PARESIS 


JAMES V. MAY, M.D 


BRINGHAMION N. Y 


During the past year an investigation has been made in the laborator) 
of the Binghamton State Hospital for the Insane, of the cerebrospinal 
fluid from fifty-seven patients with general paresis, for the purpose of 
determining the relative value of the various laboratory methods of diag 
nosis which are now in quite general use. ‘The results are shown 
in Table 1. As a control the same tests were applied to the spinal fluid 
from twenty-nine patients unquestionably suffering from psychoses other 
than general paresis. The fluids were obtained by lumbar puncture, 


about 10 ¢.c. being removed as a rule. The patients were kept in bed for 


twenty-four hours after the operation and no danas rous results occurred. 
Headache, dizziness, backache, and sometimes nausea followed, but no 
more severe symptoms were noted. The spinal fluid in general paresis is 


the great majority of cases and when not, the 


clear in appearance ir 


cloudiness is nearly always due to blood caused by the needle, and not 


present in the fluid, as shown by subsequent autopsy, although cloudy 


fluid may be found when the autopsy is not performed soon after death. 
Rarely is it cloudy during life in cases which are characterized by an 
unusual increase in the number of cells. 


The reaction of the fluid is very faintly alkaline. as shown by litmus 
paper, and is practically constant in normal as well as pathological fluids. 
The slight variations in disease aré not ol diagnost Value, and no effort 


was made to determine the exact degree of alkalinity which is usua 
stated as corresponding to 0.1 per cent. of sodium hydrate. 

Methods of estimating the pressure of the cerebrospinal fluid are 
unreliable and have not proved satisfactory. It is sometimes estimated 
by the number of drops per minute. Obviously this depends largely on 


the lumen of the needle used. The estimation of pressure by a water or 


mercury manometer is difficult and unnecessary The various factors 
which influence pressure are so numerous as to render it of no value in 


diagnosis. The variations as stated in the tables shown here merely sig- 

nifv that the rate and force of flow from the needle was apparently 

creater or less than that observed in the average case not suffering fron 
,' - 


general paresis. The pressure shows no appreciable difference in many 


instances after death, the fluid flowing as freelv as during life when the 


hbodv is pla ed in the same position Ir e fiftv-seven cases of gener: 
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: essure seemed to be increased in twentv-sever 
: s I en, and in fifteer s ved no apparent Terence 
t I 1 ot forms of insa 
Serum ) isually considered as being absent in normal spina! 
t shows a slight cloud on heating and gives a decided ring 
t ind nitro-magnesium contact tests in all cases. T 


* method, in which the fluid is brought into contact in a pipette with 


ture 25 ts of nitric acid and 75 parts of saturated solution of 


s much the more delicate. These reactions are 
ely due to oteins and are not to be looked on as an indication of 
presence of albumin. The quantitative estimation of the protein 


ent is unsatisfactor The Esbach albuminometer is the instrument 


monly use The amount of fluid necessary for the determination 
dimil ed by diluting with distilled water and allowing for the 

n in cor ting the result. Reference to Table 2 will show that 
twenty-nine cases (not cases of general paresis) 01 

pel nt. of t total number show from 0.03 to 0.06 per cent. of 


n by the Esbach method. The amount of protein in normal spina 


| is given by Mott as 0.03 per cent. In the cases of general paresis 
le 1 show that forty-four of the fifty-seven cases, or 77 per cent., 
ver 0.06 per cent., and twenty-nine over 0.1 per cent. of protein by 
ishac albuminometer This would seem to be an important 


ough a slow method of diagnosis unless the centrifuge is used. 


It will be observed that sugar was found in practically all cases with- 
inv reference to the form of insanity. It is now conceded by Halli- 
on to be present in normal fluid and is said to occur in smaller quan 


s in dementia precox. The amount of fluid necessary for a quanti- 


tative examination renders it impracticable for diagnostic purposes. In 


the 


last annual report of the Binghamton (New York) State Hospital. 


7 } 17 


ntion was called to the interesting fact that sugar is usuallv absent in 


mortem spina! fluid. 


It ( i ven ral naresis Aa col siderable excess of elobulin is 
yrospinal fluid. This is usually readily demonstrated 


ie butvi cid test of Noguchi. Two parts of spinal fluid are heated 


he boiling point with five parts of a 10 per cent. solution of butvric 
n either distilled water or 0.9 ner cent. salt solution after which one 
of normal sodinm hydrate solution is added and the mixture again 


d. The appearance of a flocculent precipitate within two hours is 
dered by Noguchi as diagnostic of general paresis. Blood-free fluid 
t be used. A nal fluid contains globulin and in normal fluids or 

ym cases other than general paresis a flocculent precipitate may 


ht re neariy alwavs either by reboiling ones or twice or allowing the 


rhirty-First Ann. Rep. Binghamton State Hospital, Binghamto = 


r B. Lyon Co Albany P 1 





ete 





mixture to stand for twent hours. Us S ! 
third time after the fluid has once cooled without allowing the fluid to 
stand, will bring down a flocculent precipitate in cases which show no 
evidences of general paresis. 
. Positive results were obtained by one or the other of these methods 
in twenty-seven out of twenty-nine non-paretic cases. In some of these 
i fluids the precipitate occurred as quickly as in general paresis and afte 
one heatir nl Reference to Table 2 will show that teen out « 
e twenty-nine non-paretic cases, 55 per cent. « t t ve 
results with the butyric acid reaction n the techr of Nog W 
employed. Rosanoff and Wiseman? in psychoses other than a a 
paresis, obtained positive results with the butyric acid method in 10. 
per cent. and doubtful reactions in 7.2 per cent. of the 333 cases, makin 
a total of 18 per cent. which failed to give definite negative reactions 
The technic of Noguchi was followed in these tests 
Dr. F. W. Mott,’ F.R.C.P., London, F.R.S., pathologist to the Londor 
County Asylums, in his Oliver-Sharpev lectures on the cer 
fluid delivered before the Roval College of Physicians of London o1 
April 22 and 29, 1910, says of the butyric acid reaction of Noguchi: “] 
have applied this test to a considerable number of fluids. an L\ 


obtained a positive reaction in many non-specific cases, in fact. in all 
of dementia, whether non-specific or specific, and have found that th 


Pen lA he 


amount of precipitate is proportional to the degree of 


nervous tissue, being most marked in the progressive degeneration « 
reneral paralysis of the insane.” 


Attention was called to the fallacy of this reaction in the last annual 
report of the Binghamton State Hospital* ar 


I 


1 also to the fact that it 


could be easily demonstrated by using larger amounts of th 


reagents concerned than are recommended by Noguchi.’ preserving. 


A 


ever, the same proportions (0.5 ¢.c. of spinal fluid, 2.5 ¢.c. of the 10 per 


I 


cent. butyric acid solution and 0.5 c.c. of normal sodium hydrate instead 


of 0.1 ¢.c. of spinal fluid, 0.5 ¢.c. of 10 per cent. butyric acid and 0.1 c.c. 


of normal sodium hydroxid). “It is entirely to one’s individual tast 
whether one or a multiple of the quantities indicated above will have to 
be employed.” 


» 


2. Rosanoff, A. J., and Wiseman, J. I.: Syphilis in Insanity, Am. Jour 


Insan 
1910, Ixvi, 430 


3. Mott, F. W.: Oliver-Sharpey Lectures on the 


erebrospinal Fluid, Lancet 
London, 1910, ii, 79 


4. Thirty-First Ann. Rep. Binghamton State Hospital, p. 32 
5. Noguchi, H.: Relation of Protein, Lipoids, and Salts to the W 
Reaction, Jour. Exper. Med., 1909, ii, 92 
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\\ H. Ho g »f Washington D. C., savs of the butvric ac d rea 


I found it positive, and in some instances very pronounced, in a numbet 
of cases of arteriosclerotic dementia where no evidence of syphilitic or inflamma 
tory disease could be found, either in the cytology of the fluid or in the histo 
logical examination of the nervous system in the cases in which autopsy could be 
performed. It may be mentioned also that a large majority of the post-mortem 


fluids from non-inflammatory cases showed a positive butyric acid reaction 


He reports positive results in 48 per cent. of his non-paretic cases 
ind obtained five positive results in seven post-mortem fluids. He fol- 
lowed the technic of Noguchi throughout It is beyond dispute that 
there is an increase of the globulin content in the spinal fluid in cases 
of general paresis, although it occurs in other psychoses as well and is 
not absolutely diagnostic of that disease.’ 

The demonstration of an increase in the globulin content suggested 
the Nonne-Jones reaction, which has also been spoken of as valuable in the 
diagnosis of general paresis. This reaction consists in the formation of a 


Heller’s test for albumin on bringing 


white ring such as is obtained i 


spinal fluid in contact with a saturated solution of neutral ammonium 


sulphate solution in a pipette. In the laboratory of the Binghamton State 
Hospital we have obtained positive results uniformly in general paresis 
but have had the same experience as shown in Table 2 with the spinal 
fluid in other psychoses. If a white ring does not form immediately at 
the point of contact, it will form almost always after standing for a 
short time. When there is any doubt as to the result a larger amount of 
fluid can be used and the reaction performed in a test-tube. Positive 
results will be obtained in this manner from practically all spinal fluids 
In this. as in all of the contact tests, a more decided reaction is, however, 
obtained in general paresis. No reference is made here to the results 
obtained by the so-called precipitate reactions with lecithin and the 
taurocholate and glvcocholate of sodium, owing to the fact that these 
reactions have already been shown to be unreliable.‘ 

One of the most valuable of the laboratory methods of diagnosis 
general paresis consists in the demonstration of a lymphocytosis in the 
spinal fluid. The method probably most often used is the old method of 
Widal and Ravaut, that of centrifuging the fluid and examining the 
sediment for an increase in the number of lymphocytes. This is an easy 


} 


and fairlv accurate method. We have found, however. that a moderaté 


6. Hough, W. H temarks on the Comparative Diagnostic Value of the 
Noguchi Butyrie Acid Reaction and Cytological Examination of the Cerebrospinal 
Fluid, Bull. 2, Government Hospital for the Insane, Washington, D. C., 1910, 
p. 122 

7. May, J. V.: A Review of the Recent Studies of General Paresis, 1909. Tr. 


Am. Med. Psvehol. Assn., Lord Baltimore Press, Baltimore, Md.. xvi. 337. 
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ncrease of lymphocytes will occasionally be overlooked. Much more 
reliable is the accurate estimation of the number of cells per cubie milli- 
meter of fluid by means of the Fuchs-Rosenthal counting chamber. In 
this method the pipette usually employed in counting the white blood cells 
is used. 


rhe following mixture is usually employed for staining the white and dis 
solving the red cells Methyl violet 0.2, glacial acetic acid 4, water 100 Fill 
the pipette with stain to the point marked 1 and then fill to the point marked 
11 with cerebrospinal fluid, uncentrifuged Shake thoroughly, let stand for five 
minutes and count by means of the Fuchs-Rosenthal counting chamber. The ruled 
surface of the cell contains 3.2 cubic mm. of the fluid. Count all of the white 
cells in the entire ruled area of the slide, multiply by 11 and divide by 32 The 
result is the number of cells per cubic millimeter 


As the chamber is 0.2 mm. deep the source of error can be entirely 
disregarded. 

This method requires a very short time, after a little experience, 
and is quite reliable. The stain can be greatly improved by increasing 
the amount of glacial acetk acid used. Polychrome methylene-blue Is 
recommended by Cornell. The spinal fluid should be free from blood, 
although a small amount does not materially affect the result. Reference 
to Table 2 will show that in twenty-five out of twenty-eight of the non 
paretic cases there were five cells or less per cubic millimeter. On the 
other hand, in the forty cases of general paresis in which cell counts were 
made as shown in Table 1, only one case showed less than five cells to 
the cubie millimeter, while eight cases showed from five to twenty-five 
cells, twelve cases from twenty-five to fifty cells, fourteen cases from fifty 
to 100 cells, two cases from 100 to 200 cells, and three cases over 200 
cells, per cubic millimeter. In our hands this method has constituted the 
most reliable laboratory procedure available in the diagnosis of general 
paresis. It will frequently show a considerable increase in the number 
of cells when the Widal-Ravaut method gives negative results. 

Whenever a lymphocytosis is shown, a differential count of the cells 
should be made by the Alzheimer method, as follows: 


Mix five c.c. of the spinal fluid with 10 ¢.c. of 95 per cent. aleohol and centri 
fuge for one hour. Pour off the alcohol and replace by absolute aleohol. After stand 
ing for one hour replace by equal parts of absolute aleohol and xylene followed 
by xylene for one hour and imbed the sediment in paraffin by the usual process 
Sections should be at least 12 microns thick and stained by 1 per cent. toluidin 
blue and by the Unna-Pappenheim stain. At least 100 cells should be counted 
and the percentage of lymphocytes, polynuclears, large mononuclears, macro 
phages, Kérnchenzellen, piasma cells, endothelial cells, ete., carefully estimated. 


There will usually be found to be about 80 per cent. of lymphocytes 
and from 1 to 5 per cent. of plasma cells, with varying percentages of 
the other elements in cases of general paresis. The great increase of 
phagocytic cells and Kérnchenzellen or fatty granule cells in all post- 
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mortem fluids is of considerable interest. A lymphocytosis is not of 
yurse absolutely diagnostic of general paresis and occurs in cerebrospinal 
ey a fe ) ’ — nal él mier 
Ssypnilis aS well as in some cases Of iocomotor ataxla and tubderculal 


meningitis. 


TABLE 2 PSYCHOSES OTHER THAN GENERAI PARESIS 






é t I al Fle E. 
oe ck =< = 

n of Glol a.= = 7 ‘ 
and othe = = =.= == 

ter C = x oo = 

L. — & & D . I a 

. os * Sele cit« Form of Ps r 

= © > | £3\$.5) 7 = 

ind ie —E Bal eel zo). 
Be = |5 4 |2e2SfiFo\a 
ajc] < | 22] & jms @) & és . 

© (Te - ~E | A OlaalaalcE 

= - - = © , Ro ~S =5 7 = 
$2/23| 2 | 22/5 lEs|e4| 52/25 
a iz | te Gis 2 ie lf 

( 1 Dementia . \ 
o6 6 \ s Slig 

09 5 Ls itaxia Slig 

O4 1 Giloma bralr Advar d 
OTF Locomotor ataxia Advanced 
05 2 Dementia praecox Advanced 
06 3 Dementia praecox Advanced 
0 1 Dementia pracox Advanced 
0 0 Dementia precox \dvanced 
12 - Dementia precox Adva d 
OF } Dementia precox Advanced 
OG 2 Dementia precox Advanced 
06 l Dementia precox Advanced 
or Dementia precox Adva d 
12 t Dementia prwecox Advar d 
4 Dementia precox Advanced 
oO Dementia precox \dvanced 
O5 1 Dementia precox Advanced 
OD ; Dementia prmecox Advanced 
06 ; Dementia precox Advanced 
on 1 Dementia precox Advanced 
0 2 Dementia precox Advanced 
06 4 i 4 1 Dementia preeox Advanced 
09 2 Dementia praecox Advanced 
09 4 2 Dementia precox \dva 

05 2 Den tia precox \dva ] 
O06 ] Dementia wcox \dvanced 
06 4 7 Unclassified Slight 

09 Bt 5 Unclass d Slight 

* Appearance clear and reaction alkaline throughout 
Decreased > Increased Normal 
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e Wassermann reaction was used in 


1 
} 


t! 


the cerebrospinal fluid and in the blood-serum in both series of cases. 


The Noguchi modification of 


In fifty-seven cases of general paresis the Noguchi method gave: fifty-one 
positive reactions in the spinal fluid. In the other psychoses it gave only 
one positive in twenty-nine cases and that in a case of locomotor ataxia 
In the blood-serum the Noguchi-Wassermann method gave positive reac 

tions in all of the fifty-seven cases of general paresis, while in the twenty 

nine cases of other psychoses it gave ten positive results. Of these ter 
cases two were cases of locomotor ataxia and one had a history of syphilis. 


In the other seven cases no history is available. The origir W assermann 
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reaction in the blood-serum of the general paresis cases gave thirty-eight 
positive resuits in forty cases and in the non-paralytic cases gave twenty- 
five negatives out of twenty-eight. Of the three positive reactions one was 
a case of locomotor ataxia. No reason can be assigned for the other two 
reactions. Both of these, however, were cases in which there was a reac- 
tion to the Noguchi modification. In comparing the two systems the 
Noguchi modification is by many looked on as being too sensitive and 
giving too many positive results in non-specific cases. This, however, as 
Noguchi suggests, may be due to the use of excessive amounts of antigen. 


In regard to the interpretation of results Noguchi® says: 


If there is a faint degree of hemolysis, the main bulk of corpuscles being 
intact, the reaction should be called positive. A more intense hemolysis, with 
about 10 to 20 per cent. dissolution of the corpuscle mass, should be called 
weakly positive, while 30 to 40 per cent. hemolysis is designated as faintly posi- 
tive. Neither the weakly positive nor the faintly positive reaction should be 
accepted as a definite diagnosis of syphilis without the presence of strong clin 


ical evidence in favor of such a diagnosis. 
In another place he says :* 


It is my rule to base the diagnosis of syphilis on unmistakably strong reac 
tions only, but never on weak reactions when the clinical diagnosis is unknown. 
On the other hand, I take even a faint positive reaction as a sign of active 
syphilitic process still present when the specimen is derived from a known luetic 
ease. Again, for the purpose of excluding possibility of syphilis from a case | 
put value even on a faint reaction, no matter whether the person may seem 


healthy or not 


It will thus be seen that the result obtained is interpreted differently, 
depending on whether the case is one of known or probable syphilis, one 
showing no evidence or history of syphilis or one of which nothing is 
known unless there is practically a complete inhibition of hemolysis which 
does not alwavs occur in many known syphilitic cases. In this way the 
personal equation enters strongly into the results obtained and the least 
inaccuracy in the amounts of the various factors concerned materially 
changes the results. The most serious objection to the Noguchi modifica- 
tion would appear to be the variability in the amount of specific ambo- 
ceptor contained in the capillary drop of blood-serum used. No two 
capillary drops from any two different tubes are the same. Negative 
results will sometimes be obtained from a capillary drop of blood-serum 
which will give positive results when from 0.02 to 0.04 c.c. are accurately 
measured from a graduated pipette for the test. According to Noguchi 
a capillary drop contains 0.02 c.c. of blood-serum. Measuring a few 


drops from different capillary tubes will readily convince anyone that 


8. Noguchi: Serum Diagnosis of Syphilis, First Edition 1910, p. 61 
9. Noguchi, H.: Discussion of Serodiagnosis of Syphilis, Jour. Am. Med 
Assn., 1909, liii, 1541 
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s is only occasiona true. Blowing out a few drops on a glass slid 
from capillary pipettes made from several different sizes of glass tubing 
will be sufficient to convince anyone that this is a very indefinite amount 

We have obtained very satisfactory results here from the use 
original Wassermann reaction. This method has the advantage of using : 
definite and easily and accurately measured amount of serum. It is quite 
to contain a sufficient amount of natural antisheep 


amboceptor to influence the result. Complement is completely removed 


| tor bloor 


nusua 


bv inactivation. We have not found the paper preparations of Noguchi 


to be stable or reliable for more than a few months although thev are 
much more convenient to use than the liquid antigen and ambocepto1 
The amount of complement contained in guinea-pig serum is extremely 
variable and sometimes leads to erroneous conclusions. Only full-grown 
pigs should be used and a titration of the complement in the serum from 
a number of guinea-pigs will show that there is no absolutely invariable 
dose which can be depended on for use. We have found the following 


method of using the Wassermann reaction very satisfactory: 


Patient’s serum 0.2 ¢.c. or 0.1 ec. (inactivated at 56 C. for one-half hour 
plus 1 unit of antigen, plus 0.1 ¢.c. of guinea-pig complement undiluted, plus 
2 c.c. of 0.85 per cent. salt solution. Incubate for one hour at 37 ¢ Add 1 ex 
of a 5 per cent. suspension of sheep corpuscles and 2 units of anti-sheep amb: 
ceptor Incubate for two hours using the customary positive and negative 
controls, 

The acetone-insoluble fraction of the aleoholic extract of humar 


heart is used in the paper form. The antisheep amboceptor is also used 
in the paper form and both of these have been as satisfactory as the pape 
preparations used in the Noguchi modification. 

An effort has been made to adopt the “meiostagmin” reaction o 
\scoli to the diagnosis of general paresis by using the cerebrospinal flu 


and the alcoholic extract of human heart as antigen. Ascoli announced 
that the addition of antigen of syphilis in varying dilutions to the serun 
of a person suffering from that disease brought about a considerabl 


change in the surface tension of the fluid on standing for a time in th 


incubator. This change in tension is measured by a Traube stalag 


mometer. After numerous attempts we have been unable to obtain an 


uniform results with the serum of syphilitic cases 
CONCLUSIONS 


1. There is an increase in the protein content of the cerebrospinal 
fluid in general paresis. 
2. There is a marked increase in the globulin content in genera] 


paresis. 


10. Ascoli, M.: Die Spezifische Meiostagminreaktion, Miinch. Med. Wehnschr., 
1910, lvii, 63 
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show I ncreast ( would often be overlooked otherwis« 

5. The butyric acid test of Noguchi has not been accepted as abs 


8. The Nog method of interpreting the results of the Wassern 


test ff from that of many other laboratory workers an¢ 


lead to vari usions, depending on the observer. 

9. The original Wassermann method is to be preferred to the Nog 
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EDEMA OF THE PIA-ARACHNOID 


ITS NATURE, SIGNIFICANCE, RELATIONSHIP TO AND ASSOCIATION WITH 
DISEAS PROC SSS 
CHARLES K. STILLMAN, M.D 
NEW YORK 
INTRODUCTION 
| following art s a studv o he nature and significa! ra 
ubarachnoid space, based principa on 


post-mortem observations and mechanical considerations 
For the sake of brevity it may be stated at the outset that the term! 


nology employed to designate the various conditions of the brain and its 
fluid umulations has been con 


membranes associated with excessive fluid accul 
fused bv the use of many names, ¢ mploved without due consideration o 
1 or mechanical factors involved. It is there fore necessary 


to describe the various anatomical findings to wh 


. ‘7 P 
the etiologica 
ese different terms 


have been applied. 
1. Pial Edema; Edema of the Pra Mater: Edema of the Pia Aracl 
id: Cere hral Edema; Wet-Brain. These terms have been employed 
mpanied by excess of fluid in the 


indefinitely to designate conditions ac 
4) 1-arachnoid. The brain on cut section may or may not appear to be 
moist: the ventricles may or may not he “dilated.” The volume of the 


il I 


often has given the impression 


brain is not increased, on the contrary it 
of having been compressed. It is this picture which 18 genera ly associ 
ated with and attributed to chronic alcoholism, and which in this country 


has often been referred to as wet-brain. 
» Cerebral Edema; Edema of th Brain.—Swelling of the brain with 


nerease in its volume. ‘The nia-arachnoid may or may not have con 
usually the convolutions are descr! ved as flat 


tained an excess of fluid; 


tened. owing, as supposed, to pressure of the voluminous brain against 
the skull. These brains are then described as being moist, the condition 
} nenal at hit t ransnud , 7 +} hy ' snbsetance 
being usually attributed to transudation ito the © in ibsta 
serum from the blood-vessels. 

3. Serous Meningitis.—Describe 1 usually as a serous or ¢ 
inflammation of the soft meninges, with exudate into the subarachno 


space and its prolongations, with or wit ut g 


* Accepted for publication Mareh 31 


*From the Pathological Laboratories ol 


Director. 
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meninges. ‘The ventricles may or may not be dilated and the brain is 
or is not secondarily involved, the seat of an edematous or inflammatory 
process, Certain writers in this country, notably Dana, have regarded 


‘alcoholic wet-brain” and serous meningitis as synonymous, 


,. Hydrops ex Vacuo.—This term has been used to describe the accu 
mulation of fluid following the shrinkage of the brain from old age or 


from various pathological causes, to be mentioned later. 


5. Chronic External Hydrocephalus—This term has been used to 
describe those appearances already referred to above: by some authors, 
also, to describe accumulations of fluid in the subdural space and eve1 


those found between the calvarium and the dura mater.’ 


The above summary, derived from a critical survey of the literature, 
shows that these various terms, althoug mselves perfectly cleat 
and desc1 ptive, have been used indiscrimin: to designate different 


anatomical conditions without any consideration of the underlying patho 
logical processes in which they had their origin. 
Although the older writers did not formulate any noteworthy theories 


as to the causation of excessive accumulations of fluid in the brain,? the 


nevertheless displaved considerable interest in its supposed mechanical 
effects. Thus we find in Watson’s Lectures * (1845), the following rather 


he pia-arachnoid in connection 


quaint description of fluid collections in t 
with uremic coma. 


Now when death had thus taken place in the way of coma and the case had 
been complicated with anasarea, and serous liquid is found accumulated in 
unnatural measure in the cerebral ventricies, and in the tissue of the pia mater, 
it seems reasonable to ascribe the coma to the presence and the pressure of that 
liquid. The dropsy has extended to the brain. And this view of the matter is 
strengthened by the connection which may sometimes be noticed between the 
accession of the coma and the visible increase of the dropsy in other parts of the 
body. My own experience accords entirely with that of Dr. Christison as 
expressed in the following statement: “If the dropsical fluid be allowed greatly 
to accumulate, drowsiness, the first symptom of the affection of the head, very 
soon makes its appearance in the generality of cases and it will speedily pass to 
fatal coma if not controlled, but the removal of the dropsy will usually remove 


the drowsiness.” To many cases, however, this explanation will not apply. 
here being no morbid collection of water within the skull, nor any other appre 
ciable change the nor perhaps inv dropsv else here 
The fluid tions described by Watson were doubtless that ver 
ymmon form of pial effusion with which this paper particularly has to do. 


In 1861, Traube* opened up a new vista in the field of intracranial 
en and edematous in 


l. Riva. I Idrocephalo interno ed esterno, Riv. sper di freniat, 1908, xxxiv 


207 
2. Traube quotes Osborne as attributing the condition to an arachnitis 
Watson, Thomas: Principles and Practice of Physics, London, 1845 
+. Traube, L.: Eine Hypothese iiber den Zusammenhang, in welchem die soge 
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certain cases of uremia. Since ‘Traube® may thus be regarded as the 


founder of a new school, a somewhat detailed consideration of his paper is 
imperative. In discussing uremia he says: “In all cases observed by me 
in which a careful examination of the cranial contents has been made 
after death, there was observed with a well-marked anemia | Blut-Armuth | 
of the brain, a more or less considerable edematous swelling of the same 
(as shown by flattening of the brain convolutions and dryness of the 
arachnoid, with moist glistening of the cut section).”* Further on he 
writes: “In some of these cases the fresh petechie | Blut-Ergiisse| were 


+} rort +} 


distributed in the form of fine sand up to hemp-seed fo rough the 
large and small brain and pons due,” as he states, “to increased arterial! 
pressure.”* He lays especial stress upon two factors in the causation of 
brain edema in uremia; first, the hydremic condition of the blood, due 
to loss of albumin through the urine and through gastro-intestinal 
catarrh, and second, to the increased tension in the aortic system from 
hypertrophy of the left ventricle.* He goes on to say: 

If through any accidental cause there occurs a sudden increase of blood 
pressure, or if there is a sudden diminution in the thickness of the blood-serun 
there transudes a serous fluid through the walls of the small arteries into the 
brain substance, and thus brain edema ensues. The fluid elements of the blood 
transude under the mean pressure in the aortic system. Since this pressure is 


greater than that in the capillaries and veins, so these vessels must finally be 
compressed. The necessary consequence of a brain edema arising from such a 


cause is an anemia of the brain substance. The transudation, as will be readily 


understood, resists up to the moment when the tension of the edematous brain 
parts equals the mean tension of the aortic system 

Traube’s explanation of the causes bringing about transudation is 
not generally accepted. He cites a case of cerebral edema in an epileptic 


who at autopsy was found to have a cysto-sarcoma of the brain. There is 
reason to believe that from this case he derived the idea on which he 
founded his theory as to the causation of the attacks of coma and convul 
sions occurring In cases of uremia and of chronic lead-poisoning. 

Several years after Traube’s paper appeared, Billroth® (1869) 
observed anatomical] changes in the brains of postoperative subje ts 
somewhat similar to those described by Traube. 

Niemever® (1877) and Huguenin 7° (1878) reconsidered the problem 
hiefly in connection with the phenomena of uremia 


5. Traube, I Gesammelte Reitriige zur Pathologie und Ply lowie i. Part 
1, 561. 

6. Trauhbe, L.: Gesammelte RBeitriige zur Pathologic nd Physiol 
Part 1, p. 553. 

7. Traube, L Gesammelte Beitriige zur Pathologie und Phvysiologis 
Part 1, p. 554 

8. Billroth: Ueber akute Mening. serosa und akute Gehirniidem nach chir 


gischen Operationen, Wien. med. Wehnschr., 1869, xix, 2 
9. Niemeyer: Lehrbuch der speziellen Pathologie und Therapie. Fd. 9. 1877. j 
10. Hugenin, G.: Hydrocephalus und Oedem des Hirns, Handbuch der eps 


iellen Pathol cie und Therapie von v. Ziemssen. Suppl. Vo! 1878. np. 25 
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Bergemann! (1880) described an edematous condition in connection 
with injuries of the brain, while Dean’? produced local edema experi- 
mentally by placing a glass disc between the brain and the dura. 

Phelps'® (1897) believes that edema of the brain may follow on con- 
tusion and W. N. Bullard’* (1895) states that edema of the brain results 
from concussion. The latter writes: 

Brain swelling undoubtedly occurs in certain cases of apoplexy, and in a 
chronic form in many intracranial diseases his, or something analogous to it, 


the so-called acute edema of the brain, is the immediate cause of death in 


cases Oo 


acute alcoholism, of sunstroke and perhaps (in its chronie form) in 


uremia 


Walton and Brooks*® (1897) have also dwelt on the subject of edema 
of the brain and its membranes from a surgical standpoint. Walton 


is previous 


in his subsequent paper’? has considerably modified 
conceptions. 

W. B. Cannon** in an article published in 1901, presented certain 
striking and original conclusions on the causation of cerebral edema 
following trauma, which will be later referred to, while at about the same 
time Mott'® succeeded in producing experimental edema of the brain in 
dogs by ligation of arteries, and Osler?® (1901), following Traube, 
described cerebral edema particularly in connection with uremic coma. 

The subject of cerebral edema has aroused great attention among 
physiologists only within a comparatively recent period. Wilson** (1904) 
studied the condition in connection with uremic and eclamptic seizures. 

11. Bergmann: Die Lehre von den Kopfverletzungen, Deutsch. Chir., Stutt- 
gart, 1880, xxx, 420 

12. Dean, H. P.: Cerebrospinal Pressure, Jour. Path. and Bacteriol., 1893 


l, 26 


13. Phelps, ‘ fraumatie Injuries of the Brain and Its Membranes, New 
York, 1897, p. 53 

14. Bullard, W. N.: A Consideration of Some of the Indications for Operation 
in Head Injuries, Med. and Surg. Rep., City Hosp., Boston, Series 6, 1895, p. 60 

15. Bullard, W. N.: Increase of Intradural Pressure in Head Injuries, Boston 
Med. and Surg. Jour., 1898, exxxviii, 271. 

16. Walton, G. L., and Brooks, W. A.: Observations on Brain Surgery Sug 
gested by a Case of Multiple Cerebral Hemorrhage, Boston Med. and Surg Jour., 


1897, exxxvi, 30] 

17. Walton, G. L.: Subarachnoid Serous Exudation Productive of Pressure 
Symptoms after Head Injuries, Am. Jour. Med. Sc., 1898, exvi, 267. 

18. Cannon, W. B.: Cerebral Pressure Following Trauma, Am. Jour. Physiol 
1901, vi, 91 

19. Mott, F. W Preliminary Communication on the Changes in the Brain 
Spinal Cord, Muscles and Other Organs Found in Persons Dying after Pro 
longed Epileptiform Convulsions, Arch. Neurol., London, i, 493. 

20. Osler, Wn Practice of Medicine, 1901, p. 997 

21. Willson, R. N.: The Pathogenesis of Uremia and Eclampsia, Jour. Am 
Med. Assn., 1904, xliii, 1019 
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25. Cushing has dealt wit the subject to a less extent in previous 1 

See Am. Jour. Me Ss 1903 1OlT 
26. Russell, A. | The Gouldstonian Lectures ¢ Some Disorders 
Nianifestations. Lancet Lond: 
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Bradford,?% 


Senator?® 


Kolisko** on swollen and 





ng. This observer has described a 
tvpe of brain in which the | n is swoll 


t, the ventricles red 
in e and the fluid of the subarachnoid space diminished or absent. the 
mnvolutions flattened, associated w hernias, and marke 
} res nes tates the latter bein et ression atrop} 
t inner table of the skull described as wing upon a prematu 
) cation t craniai sutures 
Tl ni enon 1 in thes s ha no eared to bea 
se! tot led by t l ) ) 
| su ngitis o ind anatomical st 
whi nt te involved in al ons n of sub-ara ) 
effusions, is of comparatively recent introd a ug ts en 
ment antedates the bacterial era of medicine 
Since t nt of our subject deper chiefly on anatomi 
‘ather than neral clinical considerations, we shal! regard serous met 
tis chiefly fr t ! 


, 
and mechanica 


if whom were Dietl,°* R 


1 
, 


with this 


oint OL view, ind 


interna! 


kitansky, 


opinion, 


an 
ngitis, although certa 


W underlic] 


distinguished a form of acute vdrocephalus 
supposed non-tubere ous origin to w ( e ( the name of n 
citis serosa. But it was not until Eichorst®* (1887) published his obs« 
itions that en asis was iid on tl i that a s serous 
1. at ‘ } y ] ry)? f 
niiammation wi the pat ica cess n i! s) these ses 
28. Bradford n Rose: Observations on the Pat Y of Ni 
Gouldstonian Lecture Lancet, London, 1898, i, 917 
. Senator D s of the Kidneys, Nothnagel’s |] neve lop dia An } 
103 
30. An analysis of the fourteen autopsies on cases of uremic aphasia, q 
Dr. D. Riesman, Uremic Aphasia, Jour. Am. Med. Assn., 1902, xxxix, 883 
shows six in which there was moisture of the brain or edema. One had n 
distention of the right ventricle and the remaining seven brains were des 
normal 
31. Kolisko, Alexander: Plitzlicher Tod aus natiirlicher Ursache, Handl 
ler iirztlichen ndigen ‘Tiitigkeit Vienna and Leipsic, 1906 
32. Dietl Anatomischer Klinik der Gehirnkrankheiten, 1846 
33. Rokitansky Lehrbuc der 


1854 


, pathologisel 
Die Pathologie 
Leubuscher: Di 


ven Anatomi 
1854, 


der Geh 


34. Wunderlicl 
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Kichorst believed that the process was due to a mild infection and 
remained serous throughout, while Gowers*’ (1892) described the process 
as a meningitis simplex as distinguished from a meningitis purulenta 
He was followed shortly by Quincke*®* who elaborated a definite Dp 
tomatology for this diseas 

The literature of serous meningitis has become so enormous that it 
is out of the question to attempt to review It, esp ViIlV Sil Boenning- 
haus*® has given a comprehensive summary of the subject up to 1897 
and Hafslauer*® has subsequently reviewed it up to 1906 

The subject did not receive much attention in the United States unti 
Dana‘? (1897) published his article entitled “Acute Serous Meningitis 


(Alcoholic Meningitis, Wet-Brain).” Since then, articles, monographs 
or reports of cases bearing on the subject have appeared in this countr 


by Lambert,*? Smith,** West.** Gradle.*® Stillman.** Fischer.‘7 Diller.** 


Collins,*? Tod5° Sp r°? and Stein®*, and abroad, either coincident 
with or since Hasslauer’s summa Vv Verhoogen,®® Hasslauer.** Bla 
37. Gowers: Diseases of the Nervous Systen 1892 
38. Quincke: Ueber Meningitis serosa, Samml Vortr.. 1 : Ni 


67, 1893. p. 655 Also Ueber Meningitis s Lou \ \ te Zustiinde. Deut 
Ztschr. f. Nervenh., 1896 Dy 149-168 


39. Boenninghaus, G.: Die Meningitis serosa ita, eine kritische Studie 
Wiesbaden, 1897 

40. Hafslauer: Ueber Meningitis serosa. Sammelreferat internationales. Cer 
tralbl. f. Ohrenh., 1906, iv, Part 8, p. 341 

41. Dana, ©. L.: Med. Ree., New York, 1897, lii, 801 

42. Lambert, A Aleoholism, Osler’s Modern Medicine, 1], 157: Bellevue Hos 
Med. and Surg. Rep., 1904. 1, 113 

43. Smith, E. 7 Meningitis Seros | Am. Ot Soe... New Bedford. M 
L907 550 


14. West, J. P Serous or Posterior Basic Meningitis: Its Early Reeoor 
and Treatment, Ohio State Med. Jou 1909, v. 323 


15. Gradle, H 4 Case of Serous Meningitis, .J Nerv ind Ment. D 
1906, xxxiii, 126 
46. Stillman, C. K.: Postdelirious Alcoholic Stupor, Alcoholic Cerebral Ede1 


Wet-Brain), New York Med. Jour., 1908, Ixxxvii, 154 

17. Fischer, J. S.: Serous Meningitis, Maryland Med. Jour., 1908, li, 158 

48. Diller: A Case of Serous (Aleoholic) Meningitis Simulating Brain Tum: 
Jour. Nerv. and Ment. Dis., 1898, xxv, 441 

49. Collins, J Diseases of the Meninges, Twentieth Century Practice of Mé 
cine, N. Y., 1897, x, 355 


50. Tod. H Lateral Sinus Thrombosis; Subsequent Meningitis (Meningiti 
Serosa); Recovery, Otol., sec. 30-32, Proe. Roy. Soc. of Med.. 1907-1908 i. 30 
51. Spiller, William G Cireumscribed Serous Spinal Meningitis. Am. Jour 


Med. Sc., 1909, exxxvii, 95 

52. Stein, R.: Serous Meningitis in Typhoid Fever and Its Treatment by Lun 
bar Puncture, Am. Jour. Med. Sc., 1910, exxxix, 542 

53. Verhoogen, R.: La méningite sereuse. Jour. d. n Brux., 1907, xi 

54. Hafslauer Die bakteriologischen Befunde bei der eiterigen und seri 
Meningitis mit besonderer Beriicksichtigung die bei der Lumbalpunktion, et 
Internat. Centralbl. f. Ohrenh., Leipsic, 1906-7, i. 65 

55. Blau, A \ Case of Serous Meningo-Encephalitis with Autopsy Report 
Ztschr. f. Ohrenh.. 1906, lii, 129 
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VEDICIN 


he development « t 


s is been the nterest and attent 


ausen®’ and L. 
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ion which it has 


much in dispute and the descriptions of this process 
re so divergent, not only from the clinical but also 
sta id point, that it is impossible to define precise ly 
= tern This state of affairs makes it also impra 
mechanical prob sil é It is V out « 
ze the hundred o e art s whicl 2 é 
£u ject. 
ver, It may be said that an ternal an ) Int 
ngitis are recogn ed and that these ma e acute ¢ 
cute external form the cortical pia arachn s 
iflamed and infiltrated with round cells or | tes 
yn into the subarachnoid space and its prolo1 vations 
cent brain tissue is inflamed and edema s. When 
or mav not be described as thicl d In the inter 
transudation into the ntricles it lilatatior 
ha deseribed the fluid as il Boenninghaus 
idiopathic hydro alus ows te serous menin- 
ch** apparenth ns lers t tre so-cal] d acute 
Idhood” and “vent ir serous meningitis are 


non-inflammato! 


Both Boenninghaus and Quincke have noted that 
collections of fluid in the pia-arachnoid space are easy to mistake 
serous meningitis. These pial effusions were discussed by Huguenin 
many vears previously. He noted their association with certain atrop 
states of the rain Il consider that knowle« ge of the supvect is t 
vreatly advanced since Huguenin’s time. 

Of late years much attention has been given to the abnormally large 
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irpose of shedding some light on this subject that my paper was be 
it became clear to me that post-mortem examinations of the brain 


alone would never throw sufficient light on the causation of these accumu- 


ations of fluid | det ned: thy et i roa the sub t b t 
following methods: 


1. By means of an analysis of a series of cases, to show the frequen 


association of pial edema with various diseases and to determine the 
nfluence of other factors such as age and nutrition. 

2. By a consideration of t phvsica yhenon nde! 

mulation of fluid in the cranial cavity. 

3. To determine whether there were any chemical differences in t 
erebrospinal fluids in these various conditions that might indicate thi 
etiological relation. 

1. By the estimation and comparison of brain weights or volumes 

cranial capacities in a series of cases. 

With this brief introduction I now proceed to deseribe 


; 
( ations 


PART I: ANALYSES OF CASES ACCORDING TO AGE, NUTRITION AND 
DISEASE 
Pial edema is a very common condition at autopsy, for out of a tota 
e 665 cases whi orm the asis of this report. it was recorded 37 
mes, a percentage of 56.4 
The cases with pial edema (375) have been placed in one group, thos 


out plal edema in anothet! 


A( 
\n examination of the appended table shows: First relat 
nev of pial effusion in infants | nths to 5 vears of age 
Second, an entire absence of this condition between the ages al 
15 vears, followed by a rapid increase that culminates between the t 
fifth and fortieth vears with later a more orad il increase that ( 
t maximum at from 80 to 85 vears (old age) 
The voungest subject with pial edema was 4 months old. When 
erved that in this series there were fullv thirtv-one cases of childre 
en birt} and the fourth month. w th dr pias, ft S Initial date 1 
not he withor rt some siontifican ee." The absence f pial eden i1iinn 
S ects hetween 6 ? 15 1s als siontificant 
65. Eieht \ infants é ‘ I t é ! 
ffusion, that is 21.9 per cent f the total numbe ot cases 
66. The ages of the thirtv-one children mentioned above were as fol] 
hours, 20 hours, 2%, days, 13 davs, 21 days. 1 month (three cases), 6 


weeks, 2 months (nine cases 9 weeks, 10 weeks, 3 months (nine « 


‘ 
67 A case of marked pi il edema in a boy of 15 who died of juvenile pa 


was observed subsequently In this ease the brain shrinkage is read 


on pathological uTol = 
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2t4 THI 1RCOHIVES OF INTERNAT VEDICINEI 


l LATIONSHIP BETWEEN PIAI AND ED [A DISEASE PROCESSES 


1e records were grouped according to the anatomical diagnosis w 


of determining whether anv diseases or conditions were regularl 
ssociated with pial edema. 
Pial edema is found on the average practical] two out of evel 


three adults at autopsy. In our series of 542 adults, the subjects with pi: 


edema, 555 in number, constituted 65.5 per cent. of the total numbe 
Those without pial edema, 187 in number, comprised 34.5 per cent. of al! 
the subjects 


[t is evident that pial edema cannot be assumed to be related to ar 
particular disease process unless it can be shown that it occurs wit 
greater frequency with that disease than it does with other diseases. The 
simplest method to determine whether such an association exists for an 
particular disease is to compare the number of subjects which show pia 
edema with those which do not show pial edema [If the ratio exceed 
65.5:54.5 (the ratio of our total cases as shown above), such a relation 
ship would be indicated. 

The total number of cases of a given disease from both the edema 
and the no-edema column was set down and the percentages comput 
For example, under the heading “Adhesive Pleurisv” I found thirtv-on 
cases associated with pial edema and twenty cases unassociated ; the pro- 
portion of one to the other expressed in percentages is 64.5 and 35.5 
per cent. respectively 

These figures represent the absolute percentages: since the numb 

ases of pial edema available for study is much larger than the numlh: 
of cases without pial edema we can determine the relationship which t 
disease bears to the disease process in question by the use of a method 
does away with the necessitv of directly contrasting two unequa 
series. This is accomplished by reckoning percentages in each column 
(i. e. the pial edema, and the non-edema column) separately and then 


1y comparing the percentages so obtained. The results in each case are 


found to be independent of the number of cases in either series, as they 
represent proportions 01 The value consists who in their use for 
yoses of comparison. 
Using this method we reckon first the percentage of adhesive pleurisy 
(thirty-one cases) in the pial edema colun (355 cases); this gives us 


e figure 8.7 per cent. We then simila reckon the percentage of 


adhesive pleurisvy (twenty cases) to the 187 cases of the “control” series 
whic s found to be 10 per cent. These percentages being compared 


with one another indicate that adhesive pleurisv occurs with about thi 

68. The tabulated cases on which these statistics are based were so extensive 
that it was found impracticable to include them in this article. I shall be very 
glad to submit them to anyone interest: 
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Sale equen I with and w I ul plai edema, § 

of occurrence of the lesion is nearly the same in either series. If now 
should find t or an viven qisease We | l i 4 ive n tl 
pial edema column, while much lower in the no-edema column, we shou 


infer that the lesion either played some etiological réle or was at lea 


definitely associated with pial edema. If on the other hand we s! 
find the percentage in the pial edema column level with or below tl 
percentage for the same disease in the other column we should dec 
the disease bore no particular relation to pial edema 

It w be at once observed that a negative result is at ed W ! 
percentages for a given disease are the same or nearly t san 
pial edema and the control columns 

It was considered best to draw conclusions on where the figure 
wert gh enough to lend value to such percentages and for this reaso1 


lesions that appeared a few times onlv on the chart were not emphasized 


As a result of my preliminary studies in children and voung peop 


t seemed wise to omit all cases under maturitv from the disease colum: 


since it is possible that in them certain unexplained factors of deve 


ment might result in confusion. 


feute Parenchymatous Nephritis—Reckoning the percentages b’ 
method already explained, I found that acute parenchymatous nephrit 
was present in 10.9 per cent. of all cases with pia edema, and in 10.6 

: 


cent. of all the cases of the series without pial edema 


Chronic Interstitial Nephritis.—Reckoning the percentages 


column separately, chronic interstitial nephritis was found present 32 
per cent. of all cases with pial edema and in 30.4 per cent. of all cas 


without pial edema. The small granular kidney was present in 18.5 pr 


l ? } ] - ~ ’ 
cent. of : subjects having pial edema and 15.5 per cent. of all subject 


without pla edema. 
These figures do not indicate any essential relationship between 
edema and this tvpe of kidney lesion.* 


ir figures indicated an absei if asso 


between pial edema and acute or chronic Bright’s diseas 


, » ’ 1) 
oypnritis Aside from paresis, which will be rete ed to again, tT 
figures of the table did not suggest that general syphilitic nfection p 
1 causative role 
69. In forty cases with pial edema the microscopical sections showed n 


of any kidney lesion, while in about the same number of cases there were né 


only slight or beginning renal changes. It should be noted that the single cas: 


of uremia which we had, showed a slight degree of pial edema There was 1 
moisture of the cut surface apparent to suggest cerebral edema, no flattening o 
7 


the convolutions or anv other sign characteristic of the brains described 
Traube 


hy 
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; 
; 
: 
: 


nt ! el nd 11.7 per cent. wit t 
f ” S18 | ‘ neures optal 12.9 { t 
) pla 1 and 9.4 cent. without pial ede These rune lo } 
’ t sugges yal yetwe ' ,) edem ind , 2 erocic f 
tdvanced A sm.—Here was found the first really significant 
lence ¢ nship between pial ede 1 and a disease process \!to- 
ther there were eighty-nine cases of chronic alcoholism in the series. 
maining seventeen had dry pias, or 19.4 per cent Reckoning the pet 
ntages for each column separat I found that chronic alcoholism was 
esent in 20.2 per cent. of all our cases with pial edema and present in 
I vo ‘ secs vithout a i | t ire ney wit 
( l | sin < onic aliconolis = T : esel d the 
t 20.2 } tte gure being taken to represent the proportion 
cl a : no pial edema is pres It may thus bi 
lt : in somethin two-t . ll cases « . 
on ~ 


?. Generalized edema: Anasarca showed a slight preponderance in 


T | T ‘ al va f 
; 
\ceite t n \ e said Scie s inasa 
Bop rositis a eo enfiicient = s (fort 
! e in drawing clusions from the percentages obtained. The 
; : . 
percentage SF sitis cases was slight higher in the contro! column 


( neluded that polvserositis Is 1 issociated with pial edema 
ind that it does not have necessarily the same causative factors 
(‘or Les it} teute Toxemia. [ ad 466 cases wh 
vere considered as belonging in this category; 304 of these presented pial 
eden t remaining 162 were not associated with this condition 
Re ercentages of each series as already explaine I 
oum cut ome 1! m present in 85 per I 0 i}] ses 
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( tion { ssac Bact i There 
ould properly | I d ne acterie 
resented pial edema, the remal t 1d} 
found bacterien present in 31 é 
and present in 42 per cent. of cases without pl 

(hr / ‘ es f 
cether L104 ises fT it W I d unde t s | id n 
ese showed pial edema. while f¢ e unass it 

Chror nflam1 the se s cavities Vv t 
er cel f the cases ¢ | eden resent in 21 
ises without pial edema 

Chronic Gastritis —This condit esent in 

cases with edema of t! 1 and 13.9 per cent. « 

not present 

Valigqnant Tun ‘s Phe gures tor these 
significance 

Status Lum} fics. () | een cases 
ir series, twelve brains were large enoug ( et 
cavitv. Pial edema was present 1 on three 

From the considerable proportion of large o1 
noted with status lvmphaticus, might be inferred tl] 
do with a brain hypertrophy sin ir to that ind ited 
described by Bartel*? in some of his “status” cases. S 
should not receive undue emphasis st, because complete 
are not available in our series, and, second, because a la 
our subjects happened t f ing people in whon 
isually considerable. 

Insanity.—The psychopathic cases, most importa 
possibility of organic changes bein resent, were too 
comparative jgures, 

SI M TARY 
{ge.—Edema of the pia was not nd in my s s 
month. It occurred with moderate frequen from t 

» the fifth vear. Between the fifth and sixteent} ‘ 
Beginning with the sixteenth vear it rapidly increased 
T eriod between the t rty-sixt il t irs 
i ht sharp de ne t col I tr : 1 

rhe t late neriods ! ers 

70: Cases of serositis not included in this sur 

71. Anton: Wahre Hypertrophie des Gehirns mit Befunden 
und Nebennieren, Wien. klin. Wehns« 1902, 132 

72. Bartel, Julius: Ueber die hypop! ache Kons if 
Wien. klin. Wehnschr., 1908, xxi, 783 
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6. There is casionally a1 } ent iner 
i i spaces 
>. There is occasiona ( : 
5 There Ss ¢ asiona I ~ 
the cord. 
9%. Usually there is an increas luid in t 
10. It is rare to see any increase ¢ the 
ortey 
Ni I eas | as ¢ ( S 
\. The under s Te ( nta es 
b. The under surface of the temporos 
(. The inner surface of the cer | hen 
We thus observe a general on the 
a positio! ove that ( ain tiss 
Hit APPAI ae | s 14 IFIC ANGE Of} l 
Phe Loc ition of the fluid as given abov 
that of the exudate in most cases of suppurat 
e epidem tvne As is we now! n mos 
date s na ¢ fly at the bas i el 
oticeable I ( Ss and epide ‘ enin 
~ iborato Is n ac rd wit ) 
enden mm ti irt of inflamma ng 
egin at the base and spread thence f f 
d t tne yase,** 
| ( OVE oca on of] the fl ( 
ction of gravit mnd it is t , 
ere T e al ditional re thin t i! 
t as : ¢ gravity of t 1.038 
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=e dependent position, forcing the fluid 
rhe presence of the fluid in t cisterna ! 
space) has alrea ee] entione 
In performing an autopsy, ( 
‘ — the fluid in Ss) ior aithe o ne ra 
rmally somewhat thicker, it is at t same 1 
s readily torn when the brain is lift illo 
nto the craniun 
When the anterior subarachnoid space is 1 
wosterior immediately drains across the ' 
the skull cavit 
74. For a consideration of this s t « ng w 
the reader to the recent article by V l. Els ' 
Meningitis, Jour. Med. Research, 1909 71 
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mbranes ( ~ n 21 } ent. ) e next most common was an 
pparent normal condition of the vessels of the brain and meninges 
(20 per cent.) \ctive congestion of the membranes and a condition of 
active and pass congestion of the membranes, occurred in 12 per cent 


\nemia of the membranes and brain was present in 6 per cent. Alto 
ether passive congestion of the membranes (either alone or combined) 


urred in fiftv-one ases (51 per cer ), whereas active congestion was 
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RIM ' 2 { vVarium remoy first Cisterne intact ind seen t 
Of clear flui Spinal puneturs 12 « luid came tl} rough cannula a 
ler slight pres Cistern® re-examined and found full as before. Brain c 
wit \ loths: in ten minut lui t the base had all disappeared 
Phe firs ment shows that outside air-pressure does not 
é the craniospina nal, since it was imposs 
’ 
a tl ( ept that in excess indas gnt amount 1 
ssib t stretching inward eninal ensuhews yp 
“Ingle opening 
When, however, as in Experiment 2 a second ening y ma 
Srl I -sure admitted. t re Was no obhsta i re ! r 
t of the fluid in the direction of gravity 
principle involved in these experiments je ve easy to dk 
strate w suit ratus It will he S¢ ‘ t t th n t 
, spin ) rst = he ved as © eX] 
tir ric pl e absent 
| ” . dns ; ata t n 
T t 
| ? » t t} ran ' t l inter ] r? 
I Me s crani p a oa L¢ Ss and irpos 
’ , 
I é ay 1 ne ts On confines the thinner , 
, 
esents the arachnoid which determines the ter 
n fluid \ eT 8S membrane S not actua adhe rent to t ; , 
ng dura and bor lls, it lies in clos sition within the s lar 
( I f any distention tward. In the spinal ca: 
P +h, +} } ] ] 
oweve (toget] vith the dura) lies 1 sac at some distan ) 
he I Wi ~ CIng sey rate | fron t} Cs ills lo i nd mpre 
f T lar T = nta nf’ a? le gS ¢ velns 
\ , } P mr 
\ { 
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. tin? P ; wal 
07. Schafer, E. A.: In Quain’s Anatomy; Spinal Cord ind Brain, Part 1, p 
mans, Gre ar (6 London 1803 
98. The suggest that the theea vertebralis plays a part during lif the 
mmodati essive amounts of spinal fluid and the production of hig! 
icranial } sure will doubtless arouse Opposition among those who hay 
nstrate iscular relationship 1t pressure phenomena I do not, howev: 
gree with Dr rs statement that under normal conditions the ebb an 
bet ween é ? spinal ecavit >= 18 sO small as to } practically a neg 
ntit but I desire to int out that no experimental work so far doy 
value in helping us to reach conclusions in the present work: large 
t fact that 1 mn of these experiments is been arr inged so as ft 
mechanical changes take place when resorption of spinal fluid is pr 
d ar when the high pressure is caused by an excessive amount of the flui 
My suggestion that « istention of the theca is a fax tor is based on a sf 
the behavior of fluids within the craniospinal canals of cadavers The 
sibilitv of the sae under these cir: umstances has long ago been demonstrat: 
Dean (Jour. Path. and Bacteriol., 1893, i, 28) and others have been inclined 
oubt w ether such & process could take plac in living subject 
t is of cours unlikely that such a proces ] ike p nl 
e son lrar resorptior 
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increasil re stance tor eat eul entimeter forced n. nt fina 


point 1s each 1 no more fT a ¢ I ve introd ed. vi +r + 
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luced into this distended sac the tens I f the tissues and membranes 
causes the ex} sion of ¢ ess of a nt t ressure is relieved 








necessary to irious areas in and a t the brain substance and t 
; 
U 

I 2 Diagram of craniospinal car hea lac line ny ifines 
thinner ine vit ! tie trachnoid whi cetermines the out mit I pinal 
flu 
since { innot 1! ease agains f I Ss, I in it minis n 
amou nywhere without produc ng ava m at that point 

In the il on tl other hand, the sa \ tall n] ifficient 
fluid t ¥37 y ‘ n it . . iit L slight 
excess | sift ( <s - r nt ned C f] | ‘ ly 
out of 1 canl eT =~ O DoO- f ) = ire to eTo Te at = | 
not meal Se! ( merely t the pressul vithin tl spill 

il has droy to the normal ess 

Having : d the relation « tmospheric pressure to the sku 
t memb ( the phenomena ntra | I no 
vo a step the nd attempt to determine the effect t ictors Just 
diseussed on tl rain itself. The difficulties involved in a study of this 
phase of our pre } n are al tne greate ner we realize Tf it W ne 
eT ttle about two essential factor st. the densit my 
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sibility of brain tissue and second, t ermeability of the brain to fluids 
under pressure. 

Our task now is to determine whether, according to the ws of phys 
s and hydrauli t would be possible for the brain (its od-vessels 

excepted) to suffer compression through general increase of intracran i] 
pressure 

rhe subject of compressibility must first be considered. Compressio1 

broadly speaking, is brought about through expression of ntent It is 
true that molecules are very slightly compressible, but, as indicated 

P velow,®® reduction in size from molecular compress vO so 11 
nificant as to deserve but little attentior 

For example, take a dry spongt t is read mpressed in t ind 

through expulsion of the air molecules from its chambers. On being 
allowed to soak up water It gains In size and weight but st remains 
compressible through the ready loss of the water under pressure. If the 
same saturated sponge be now placed in an air-tight rubber bag wl 
nits snugly at all points, compression 1s no longer possible, since there Is 
now no longer any means of escape for its fluid contents. 

The same principle applies to all homogeneous semifluid bodies ; com- 
ression takes place by expression of air or fluid content where possibl 
t when air or fluid cannot be expressed the body is termed inco 

; pressible 

Since, then, compression sufficient to be sible can on take place 
through expression of content, it is only fair to inquire whether sucl 
compression could occur within the skull cavity An attempt to ree 
fluid into a receptacle already filled with a solid or fluid w d not result 
nan increas n the amount within the receptacle but ts molecules 
would simply transmit the added pressure to the walls and ther ! 
reason to assume that the brain is to be looked on as an exception to this 
phvsical principl Compression nnot take pla wit it correspond 
ng allowance being mad ds ' the. a , 
medium. Lacking this allowance a ( tior size is il esible 

\ converse process, e.. brain swelling, requires a correspondil 

displacement of content that is under ordinary circumstances ved f 
ry the evacuation of spinal fl 1 process that takes place when tensio 





elle that ! y ntracral } nress ( ibout vis hl« 
I Sin the size contou Tt yall t is bare possible that pre 
sure may | tor in ind gr } ( ir col sion. for t 19 
molecular compression as mig result fre tho ecrees of int 

99. Water \ ic} = re tively incompressible has increased in weight nly 
ibout 0.03 pound to the ubie foot at a pth of 350 feet reatise on Hydraulic 





Merriman, 1906. p. 11 
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ranial pressure that have been registered clinically are ve slight when 


judged from the standpoint of the physicist, still so sensitive a tissue as 


the nerve cell is known to be, might appreciate the very sma ! es 
molecular densities brou C i ut 1 ft son 
We are not, however, justified in speculating on the chances of 


molecular compression within the brain until more is known about the 


mpressibility of gray matter; if, for instance, this is slight, pressure 
would be transmitted through the brain to the surrounding bor I 
fines, the inte ning cells of the gray matter being but little affect 
On the othe nd, were the compressibility greater, pressure would not 
be so readily transmitted and a slight amount of molecular compression 
d doubtless result 
The influer of pressure from general causes has alread een 


nted out: we may now briefly contrast with these the effects of pres- 


sure due to local conditions, namely, those caused by hemorrhage or due 


The multiplication of tumor cells exerts, as in other organs, its first 
effect locally—namely, in compression and pressure-atrophy of the adja 
ent tissues and in compression of the adjacent vascular structures in tl 
brain. Further compensation for any increase in growth or hemorrhage 
7 


develops at the expense of the spinal fluid, which is resorbed, wl 


| when 
] 


intracranial tension exceeds that in the venous structures the latter 
pecome somew! at compressed.?&° 
Striking post-mortem evidence of compression through any intra 


ranial growth Is seen 1n the marked flattening of one or bot] hem! 

spheres, tl e dry pia and the marked diminution in amount of bloos 
n the pial vessels. 

For these reasons I believe that compression of the brain by the fluid 

n cases showing pial edema is an impossibility, and that the appearances 

served in cases of pial edema are not attributable to the pressure of the 

fluid. These appearances are thus the result of some other agency, in all 


hability they represent a redistribution or replacement process 


PART 4 PHYSICS AND MECHANICS OF PIAL EDEMA 
For the purpose of determining whether or not I had to deal with a 
eplacement process, I began the rather elaborate system of post-mortem 
hservations which are now to be described. 
The cases on which these observations were made were taken from 


e general autopsy service of Bellevue Hospital. The technic was as 


100. The subject of the effects of pressure on the vascular structures within 
the skull has received so much attention of late that elaboration in this paper 
vould seem superfluous. The following contributions are especially important: 
Ferrier, David: The Harveian Oration on the Heart and Nervous System, Lancet, 
London, 1902, ii, 1099; Cushing, H.: ibid. 
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When possible the calvarium was remé before the thorax was opened in 
order to prevent a redistribution of the blood Many times, however, it was 
impracticable to halt the general autopsy work for this rather considerable inter 
val and the result was that when the thorax was opened and the large veins were 
eut, as soon as the calvarium was opened and the relative negative press 
within the skull cavity removed, a considerable al u ood would n 
into the thorax from the vessels ot the head 
The chief ect of this loss of blood was a reduction in t volume é 
brain, causing a discrepancy between the volume of the cranial cavity as a 
ward registered and the total measured cranial conte The intluence f 
factor on the weight, specif i ty n volul { the il \ 1 
be onsidere is when the | t evacua | i ra t u 
be lost as the braiz - g ! nd thus would t it 
computations 
\s soon s the iu! moved, a pan was | 1 
the drippings ! ent irefully cut away and la is | 
=pheres were cently pushed aj rt ak ng the great long tudinal 1 
small incision made through the corpus callosum into each lateral \ 
the contents of whic were wit rawn by a pipette and measured 
The brain was then removed and allowed to drip into a pan until t va 
fluid over the cortex and elsewhere had quite disappe ired It was then weilghe 
in the air and its eight recorded Following this it was weighed in wat i 
15 ¢ with the same balance and its specific gravity computed 
It is important to note here that considerable variation in specific gravity 
unavoidable owing to the fact that in many of the brains it was impossible 
cet rid of all the spinal fluid which was ret 1ined in pockets ind corners ot t 
sulci lhis increased the weight in air, but not in water, and as a very few 
grams weight will make quite a wide variation in specific gravity, it wil f 
seen that I was here often confronted with an important source of error 
The brain proper having been disposed of, the drippings, the free flui n 
the calvarium, and the ventricular fluid, were carefully collected and measure 
The portions of dura cut away were measured in water givir nul 
ubie centimeters displaced, and, finally, the capacity of the ivit 
measured by means of dried peas 
By the addition of the total fluid content of the calvarium with the du 
the brain volume (in ec.c.), a fairly accurate estimate of the total crania 
tent is arrived at Comparing this figure with that representing the cranial 
volume a very slight error is observed in those cases in whi h the cerebral ‘ 
vas allowed to escape into the thorax previous to the examination of t d 
In the latter cases the discrepancy represents this loss and can be readily, 
ed by a study of the chart 
Having ascertained the above data, it was thy o be best f 
se of s | te il ses In er orrespondin to f 
ount of pial edema Se] 
Qin ¢ mining ’ i 2 ! | nee t t < ties. ft ¢ 7 
ed tenden ns t eC tel { tremes of ag 
nserver 
Phere - veve! t ost I ortant p I t es 
learly brought out e., that there is a gradually increasing discrepan 
tweel I t 1 the bral a 1! | t] J I t j the b nN 
a : ovtional to t decree of pial edema present 
In Group 1, cases thout pial edema. we see that the average dis 
= ~ end Lak S6 thin ; » nreanmahiv the eanivalent 
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THE {1ROHIVES OF INTERNAL MEDICINI 


the « al fluid present. In these cases tl rain mav be 

ssumed to fill the skull cavity within physiological limits 

In Gre 2. where the edema ts slight, ere is an average t 

epan @. an increase of 24 . over t receding class. 

As t edema increases, there is a corresponding increase in the dis 
pan In the remaining groups it is, with moderate edema, 96 c.c.; 
th marked 183 e.c.; and lastly, in the two cases of excessive 

cdema u s¢ st liscrepancy minates with 20s ¢ as a max 
! t t the fact that one of t ses nin ui a ve 
ma | pancy can, of « rs é eted in onlv one 
P ie Tone RE nits 
ete the ¢ I va 
Ver the cause of this reduct n size t e should be 
spond ease In the specific gravity of these brains, prop 
il to t ( yf edema. This, we see, is not esent: indeed, if 
. thing at I s connection, it 1s 1 the 
( it o t : 1 slight with the oner @ des of edema ) 
av 1 I I dition is a hydrops ! wuo does not. b l 
eration ila ore us 
Leaving out « ount the ) Cases cite n young dren 
ve observe that more vigorous periods o fe coincide with the mild 
degrees of dis in between brain and skull eavit wh the more 
rked differences a hibited in the more advanced periods of life 
| = beer rsa recognized that shrinkage of the brain is an 
iccompaniment of extreme old age, but the extent to which this phenon 
enon reaches ba nto the vears of vigorous manhood has not been gener- 
lly considered 
: . rain weight at dilffere ves y ildre 











n by P Pfister’? and Marchand; through childhood up 
to twe r by Vierordt;'®* at all ag bovd,! Meynert 

d Handmanr and from the twentieth to the ninetv-fifth vear. Bis- 

‘iv “ 

01. Parrot: Bull. Soe. d’Anthropol. de Paris, 1887 Ma 

102. Pfister, H Ueber das Gewicht des Gehirns und einzelner Hirntheile bein 
Siiugling und iilteren Kinde. Neurol. Centralbl., 1903, xxii, 562 

103. Marchand Ueber das Hirngewicht des Menschen, Abhandl. d. mat 
phys. Classe d. kgl. Siichsischen Gesellsch. d. Wissensch., 1892, xxvii, 437 

104. Vierordt, H Anat. Physiol. u. Physikal. Daten und Tabellen, 1906, Jena 

105. Boyd: Phi rr. Roy. Soe. London, 1861, cli, 242 

106. Meynert, Th Das Gesammtgewicht und die Theilgewichte des Gehirnes 
in ihren Beziehungen zum Geschlechte, dem Lebensalter und dem irrsin, untersucht 
nach einer neven Wiigungsmethode an den Gehirnen der in der Wiener Irren 
instalt im Jahre 1866 Verstorbenen, Vrtlischr. f. Psychiat., 1867, ii, 125 

107. Handmann, Ernst: Ueber das Hirngewicht des Menschen, ete., Arch. f 
(nat. u. Entweklngsgesch., 1906, p. 1 

108. Von Bischoff, T. L. W Das Hirngewicht des Menschen (von P. Neusse 
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rABLE 3.—GrovuP 1 


VIERORDT 


Weight (gm.) 


Males Females Age 


Age 


381 
4 


384 


402 


Newborn 
1 month.. 
2-3 mos... 
+-} mos 


63 


48 














-] 
I 


7-9 mos 7-11 mos 
10-11 mos 
1 year 
- years 1-2 years 
} years 
+ ears 2-4 years 
> years 
6 years 1-6 
« years 
S years 
v irs 
10 years 
11 years 
12 vears 
13 years 
14 years 
15 years 
16 years 
17 years 
is years 
19 years 
-0 years 
-1 years 
-2 years 
>; vear 
24 years 
“5 years 
°} t 1 Ma ind 
GROUP 
HANDMA M 
We ht (gn 
Ag Males Fer s \ 
22q 
7 days 404 
8-30 days 357 
2-3 mos 485 186 
$-(} MoOs.. 650 0 
7-12 mos 830 817 
” years... 1,075 998 
3 years.. 1,208 1,088 
4 years : 1-19 yrs 
> years.. 
6 years 


7-9 years 
10-14 yrs 


15-17 yrs 
18-19 yrs 
20 29 yrs 
30-39 yrs 
40-49 yrs. 
50-59 yrs 
60-69 yrs 
70-79 yrs 





80-84 yrs 


* Meynert’s age grouping 
therw indicated 
Boys under 49 


Bovs over 50 


cr dk 
1 ngth of t 


ngth of 


SO-SY yrs 
follows 


ay 


sRAIN 


CHARLES Kk 


WEIGI 
*"ARROT 


Weight (gn 
Males Females 


778 19 

964 91 
1167 1.0 
1.261 137 
S ages ml 
2.—BRAIN WE 


Weight (gen 
Males Fen 





Handmann's 


dy Gir 


and 


STILLMAN 


ADULTS 


oO! HILDREN AND YOUNG 
PFISTE 
Weight (gm.) 
Males Females Ag 
10* o* 
2-4 wks 3 396 
~ mos 461 415 
mos 510 nod 
I 8 62 
6-S mos 7 666 7-11 
10 7s OS4 
le SO 727 
8 wi | vears 
1,009 O44 Sy : 
1,18 1,091 $ vears 
j i 
~ 1 ; 
9-12 y 1,285 1,265 
1,289 10-14 y 
} ; 
n Vie ] n w 
GHTS AT ALL AGES* 
Bx ] 
Weig 
\ A | x a \ 
New ) 17 
1 9) $9 
11 777 «= 709 
= 41 S4 
J-4 y 1,097 997 
4-4 i ri 
14 \ l i 1,156 
] 1 ( 1.246 
2 yyre. 1 8 1.2289 
10) 1 og 1 »2 
1-50 1 18 1,214 
ar no 1.352 1.208 
0-60 1345 1,225 
GO-70 1315 1,210 
71-80 y 1290 81,170 
Over SO 1.284 1.127 SOS 
tischoff’s:; is similar to 
ris } 0 rt} bod 
s f - - th 
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0 UN.) 


The highest figures reached in Vierordt’s column, Table 3 (1,4 
occur at the age of 13 years in males. Among the females the highest 
weight recorded is (1,345 gm.) at the age of 14. This table, however, 
can scarcely be considered complete enough for our purposes. 

Boyd’s figures give the period of maximum weight as between 15 and 


19 vears, wit ge of 80 of about 90 gm 


‘ as ibsequent loss up to the as 
Bischoff represents an irregular decline from 20 to 30 onward in 
males. His highest figure quoted in females, however, is between 40 
and 50. 
Handmann finds that the greatest brain weight occurs in males 
between the seventh and fifteenth vears and that after the twenty-nint! 
vear there is a gradual and steady decline. In females, curiously enough, 


is highest recorded brain weig 


ht (1.283 em.) occurs in rather voung 


children, seventh to ninth vears. There is a slightly lower figure given 


for the period between the fifteenth and seventeenth years. There is, 


however, no rapid decline evident until middle age. 


Peacock gives the maximum weight as between 25 and 30, Broca'” at 


between 30 and 35. while Meynert’s figures indicate that loss of weight 


eoins even later in life. 


11 


Blakeman''® concluded that the human prime in brain weight seems 


to fall before the twentieth year and that after this period there is on 
the whole a continuous fall. Taken altogether these data afford clear 
evidence that recessive changes within the brain begin often quite early 
in life, although it is evident from the study of even such limited data as 


| present that in some cases the brain 1 ntains its maximum volume 


until its possessor is well advanced in years. 
From these data there may be noted a strong te nade ncy on the part of 


the age curve of pial edema as plotted out from my series of 375 cases to 


¢ 


h a seale of loss ol 


coincide with a curve plotted out In accordance with 
] 


brain weight for equivalent ages, that is to say, as the curve for pia 


edema rises, the average of brain weights will be found to fall corre- 


spondingly from point to point on the chart. 


Apart from the sudden rise in the pial edema curve between 30 and 


10 years. due to the inclusion of the large number of alcoholics dying 


within this period, the evidence is strong that pial edema coincides with 


the reduction of brain weight that is common after puberty, and, such 


being the case, I infer that it is secondary to a reduction in size of thi 
brain and that it therefore represents a replacement process due to thi 


brain shrinkage 


109. Quoted from Quain’s Anatomy, iii, Part 1, p. 178 
110. Blakeman, J \ Study of the Biometric Constants of English Brain 
Weights and Their Relationships to External Physical Measurements, Biometrika 


1905, iv, 124 
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Such a shrinkage f course t 


extent modified b 
by Blakeman a 
slight, being vs 


and old age. 


} 


ogical 
has 


1879, and 


tho 


been 
Mercier™* 
lessened brain we 
Bovyd’s fi 


re adily 


ong recog 


subject of 


cases. cures, with \ 


vulated as to be intelli 


onaldson in considering 





those in which wastin 
TABLE 4 BRAIN WEIGHT 
MALES 
No f 
Diagnosis Cases 
Mania 108 
Recurrent mania 30 
Melancholi 52 
Epilepsy 89 
Dementia 9 
General paralysis 122 
Senile dementia 29 
* Crichton-Browne, Brain, 1879 m1 


the Brain 


A 


old age, prolonged illness Oo! 
dementia paralytica. Our researches 
firm the statements in regard t ( 
lisagree with that in regard 
other conditions mentioned. 
Altogether I may summarize 
of the brain rst, in the grea 
111. Blakema J Biometrika. 1905 
ead diameters of criminals, but t 
orked out for the ene il popula 
112. ¢ laphan ( The Weight of the 
Mie Rep., ill, vi 
113. Criechton- Bre J The We 
n the Insane, Brain, 1879, i, 504 
114. Mercier, ¢ \ The Weight 
Hemispheres, Lobes, Brain-Stem ar 
07 
115. Donaldson, H. H Growt f 
116. Kaufmann, | Spezielle Path 


117. My 


absence of re lati n 


figures already 


hip between pial « 


given unde 


STILLMAN 


0 ol : I t ) a 
, ’ ’ . 
oT the | iia = serity 
+ 4 
) this is 
that due To ¢ I 
Claphan 187 Crichtor 
TSO] mUplIs ad ) ns on tT 
thre nsane i } ’ arg SOT S 
Crichton-Browne agrees. ar 
the iT eT Tabl ! 
, 
rit ré T ~ T =f T 
brain ta 
SAN AS GIN BY Boyp 
I [ALES 
No. of Encephis 
Diagnos Cases Wt., gn 
Mania 107 1,227 
Recurrent ! 238 
Melanct i Os 1,261 
Epilepsy 6o 1.21¢ 
Demer 1 61 1,188 
Ger 4 i! y a0 1,162 
Senile demer 12 1226 
juoted from H. H. Donaldsor Growtt 
ebral atrop n nection wit 
: —_ . 
ead olsoning Molism anda 
I mine yn with pial edema con 
age and al 18 ind indirectly 
ynged illness it do not er the 
iving that pial ede a 1ollows atro- 
najorit nstances as a result « 
v. 138 He found no n é the 
that the subject s rt be dy 
Brain in tl Insane, W Ri 
of the I n and Its Con nt S 
Brair e Insane I t 
lun Jou Ment ~~ 189] _ 
Brain, 1895, pp. 137-140 
gische Anatomie Ed. 5, Berl 1o09 
Nutrition” in Part 1 have sho 
1 and wasting of the rest of tl hod, 
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phys rica nges begil x at soon after puberty: second, in 
smaller group as the result o rtain pathological conditions, notab 
among which are chror i lism"™® and iin forms of insanity. 


My earlier review and demonstration of the principles underlying 
ntracranial pressure is justified, first, by t vecessity of ruling out a 


vpothetical cause (namely, local compressiotr for the appearances 


tel in « rke . . o ndly, by the 
evident need of restating these principles to those observers on serous 
eningitis who have apparent! verlooked them, and. lastly, by the 
«4 ty of re wing the fundamentals nt ng into such dis 
sion { : ecomrt al minut ses i the question as Is 


nt ] 
! 
liread oll ( t It r ~ not tt that b ain s " 
1 ] ba 4 { 
ually np : ning ort I : : = Simila 0 it s¢ 
] | ‘ 
S¢ tr) I } ~ r¢ (y yers ST " nel 
frequent 1 at autonsy. and it is not strange ¢ 
} | 1 , " 
‘ ess l at a ns t n ot the br n sho d otten be er? 
} = . 3 
=] asi ribed to aa ifation of those spaces D serum transnuded i ! 


the blood-vessels. As a matter of fact 1t seems to be questionabie whet 


dilatation of these “lvmphatic” spaces is a possibility. Mott adheres to 


the view. based on mi roscopical observations, “that the whole brain is 
ermeated by a canalicular lymph-svstem containing cerebrospinal fluid 
( cm t ns ng nN = < Wil i 
< th ¢t 1) ' it 
If these observations a true, then dila n of the perivas« 
( ils trar t contained blood-vessels is impossible. sir 
sure erted the ‘ | eadily transmitted by the seru 
» the s ling ft 1 mild ther re vhere equal ar 
As a matter t there is some evidence to show that the perine 
| lymph-spaces are not so readily permeable as is generally believed 
[ have met striking la success in attempting to perfuse methvlen 
e normal saline solut nto fresh brains under varving degrees of 


118. The shrin e int ns of ro! ul olies may be explained by 

teworthy changes in tly rans 1 cells of suc eases as taught and demon 
strated by Dr. Tra Van Gieson manv vears 

119. Quoted by A. E. Russell, p. 1095 

120. Gowers, William R Abstract of a Lecture on The Nervous System i: 
Old Age. Polyelini London. 1907. xi. 131 

121. Mott: Are! 


4. 
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ssure W! er t ipparent n yllity of t iin represent 
t f } 7 t t ' ley , te y ly ; t 
rue ine iy oO ete LIlis l » deme S ité ay mea f 
was due to tiauit I oO ul nsidered factors « cal iritv cannot 
; } } } > 
=t ted te I i Was s I rit T! ~ rie | ssf PT T »\ B 
| r } ] f +} . 
n demonstratin npermeabDl ot other organs 


| ~ ) experim T tion yrreries since ~ < nt T < 
Y that his ception of brain edema is wid divergent from that 
eld by t I'ra schor 
His renee ease W wl the perine ) spaces WV 
made oO n some of the cases of experimental anemia : 
s ! when I remind the reader that these app: inces a 


served from ex} ments on animals that a given brain is mols ft 
leath than during /if 
lhe essential point to be held in mind in connection with t tra 
ite theorv is that pressure continuity exists throughout all the fl 
mole s in the craniun Pressure caused by transudation from ft 
blood-vessels would be transmitted from molecule to molecule everyw 
throughout the cranial cavity and spinal canal—it would be felt, gen 
a speaking. as fullv or nearly as much in the subarachnoid fluid on t 


itside of the brain as in that within the perivascular and interstit 
spaces, Under these circumstances there would be no disarrangement 
he brain, that is to say, no crowding up of the external portions 
against the bony vault. Nor could there be, as already stated, any meas 
molecular compression although intracranial pressure were raised 


to creat rhts. Vascular compression would occur, but this would not 


explain the soggy condition of the tissues (often considerable from t 
sross and the histological point of view) intervening between the vascular 
snaces 

On physical grounds therefore we are not justified in maintainin 


that transudation is a cause of cerebra edema. whatever réle it ma‘ 


n tl pro I eden is elsewhere . 
122. Personal Communication 
123. Huguenin Handbuch der speziellen Pathologie u Theray 


Ziemssen, Suppl. Vol., 1878, p. 6 
124. The following descriptions taken from autopsy report No. 2,402, are int 





esting since they show that transudation does not necessarily take place within 


the skull as a result of thrombosis of the veins of the neck 

“Head: The longitudinal sinus is free; there is marked pial edema and a 
moderate amount of fluid at the bas« The cerebral vessels are everywhere thin 
and normal. The pial veins over both superior convexities are normal with the 
exception to be noted below. The temporosphenoidal and occipital veins on tl 
surface of the right side are the seat of firm, blackish coagula. On removing the 
brain. a large vein with its branches filled with blackish clot is found torn and 
lving on the superior surface of the petrous portion of the temporal bone. This 
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rol yuunded DV Tra e that cerebd! edema is due to 
as persisted with some tenacity in spite of the evidence t 
ontrary offered by Cannon (1901). With the exception of Cushing 
v0 10S appears at the significance of Cannon’s w 
s been la erlooked. 
Levder Duret Cybuls d Hi * all believed that intra 
i] tens st equal blood tension in order to produce death. Can- 
eases , orients. im on atte . te guplain fhe 
od leath a trauma of the brain; decides that transudation could 
ess sufficiently to bring this about. since pressure outside 
( ssels t equal that within. owing to loss through resistanc« 
rive T =1¢ 
The reader deduces for himself that since the accepted mode of deat 
n cerebral ed s through high tension inducing arterial collapse, the 
se of the cerebral edema cannot be transudation. 
Cannon dev s a theory of edema which differs radically from that 
all other observers and in ich he ascribes the swelling to osmosis 
nduced by chemical changes in the brain-cells themselves. He finds a 


satisfactory analogy in the experimental work of Budgett'*® and of 
Loeb**? on muscle tissue, and supports his arguments by observations 
tv of brain tissue when deprived of its blood supply to take 
» water from a solution isotonic with the blood.?** 


He lays no rticular emphasis on causation but points out that Loeb 


asized lack of oxygen as a probable cause of the chemi- 


in their experiment, and demonstrates the manner in which 


vein evidently formed a communication between the above-named veins and the 
ral sinus rhe lateral sinus and the bulb on the right side is the seat of a 
is markedly adherent to the wall of the 
of clear fluid. The right mastoid cells 


aat coagulum which vein The right 
middle ear contains an excessive amount 
appear to be mostly closed, the bone being extremely firm and discolored yellowish. 
The left middle ear and mastoid normal. Cross-section of the brain reveals no 
yross lesions There is no edema of the brain substance rhe lateral ventricles 
vere not distended and contained a normal amount of fluid 

Blood-Vessels: The inferior vena cava is normal rhe superior vena cava, 


right and left internal jugular an 


1 left external jugular 


he right innomina 
e markedly thickened and the seat of an old firmly adherent and partial) 
hich is paler at its cardiac end than toward the head.” 


ganized thrombus, whic 

125. Leyden, } Reitriige und Untersuchungen zur Physiologie und Pathologie 

s Gehirns, Aré f. Path. Anat., 1866, xxxvii, 519 

126. Duret, H Etude expérimentales et cliniques sur les traumatismes céré 
brau Paris, 1878, p. 18 

127. Cyvbulsk N Zur Frage des Gehirndruckes, Centralbl. f. Physiol., 1891, 
v, 834 

128. Hill, I The Physiology and Pathology of Cerebral Circulation, p. 168 

129. Cannon: Am. Jour. Physiol., 1901, vi, 101, 102 

130. Budgett. S. P.: The Similarity of Structural Changes Produced by Lax 


of Oxvgen and Certain Poisons, Am. Jour. Physiol., 1898, i, 


] Loeb Are f. d. ges Physiol > 


annon: Am. Jour. Physiol., 1901 114, 115 


1898, Ixxi, 47 


>. 
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lack of oxvgen would follow as a result of @reulatory changes resulting 


from brain contusion. 


Cannon’s idea that lack of oxygen sets in motion the processes 
described, while satisfactory from a surgical standpoint, does not seem 


to apply equally well to other pathological conditions 


His theory has the merit that it is the only one so far given that 1s 
unassailable from the standpoint of mechanics and I cannot t feel 
that the process described, or something like it, is responsible for all 
true cases of cerebral edema, meaning by this edema of thx n as 
distinguished from pial edema. 

C'annon'** suggests a seeming objection to the w ng { { S 
theory in the occurrence of fluid noted in the dura or in tli tricles 
n certain rec cle ( ers ‘for why ne says “loess 1 1 7. 
nto the tissues rather than accumulate if the tissues | eat 

=) T powse ttl Ter Them 7 He TY es T Tih - 
he definitely settled until the osmotic pressure of the fluids : been 
determined ; he adds that the fluids must be encapsulated, and gives the 
owing as a possible explanation: 

[he diffusion of salts from the injured tissues into even a slight ! int of 
luid in an encapsulated space would render that fluid of higher osmotic pressure 
than the blood-plasma. The plasma would thereupon pass into the et psulated 
space in obedience to osmotic laws and thus increase the fluid in its compressing 
effect. Further change in the injured tissues would lead to greater s ing in 
them and to diffusion of more of the dissolved products of decor : n The 





liffusion into the encapsulated. fluid would still further increase its osmotic 


pressure, and result in still more plasma coming to increase its volur Thus 
there would be a passage of salts from tissues to blood in a series of ce ising 
concentrations, and a passage of fluids to tissues in a series of increasing o-mot 
pressures. And since water will pass more rapidly than salts through me ines 
the result is usually a greater and greater pressure until death su 

The importance of emphasizing Cannon’s frank objection t s own 


theory and his explanation of the same is that if unanswered affects 


r own theories and conclusions as well. Such a subdural process as 

hat to which he refers suggests in a way as an analogy, a subdural hvdro- 
} 1 1 1 : . 

‘ alus—a process In regard to which we know extremely tthe lui 
n any amount is so seldom seen post mortem'** in the subdut enact 

133. Cannon: Am. Jour. Physiol., 1901, vi, 119 

134. Huguenin has discussed this matter rather carefully It seems rious 
sat some writers have failed to realize that the cranial] subdural spa is distinet 


from the subarachnoid space and its spinal prolongation, for, owing to the close 


ipposition of the membranes, at the foramen magnun there is n subdural 
space in the spinal canal lo illustrate my meaning, bloody spinal fluid has 
been considered to be an evidence of middle meningeal hemorrhage, whereas the 
resence of blood in this fluid in such cases is only an indication of rupture of 
the dura and subarachnoid membrane or cerebral laceration In su tiwe 
nternal pachymeningitis the cerebrospinal fluid is clear unless there is been an 


extension of the process to the pia. 
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that we seldom expect to come across anything except the yellowish 
serous fluid that often accompanies a pachymeningitis hemorrhagica 
interna. Possibly this fluid may not be so readily absorbed as the normal 
spinal fluid of the subarachnoid gs} 


Mors fre wentiy d 


exudate of an appare! 


uring life the subdural space seems to contain thin 


t inflammatory origin, especially where there is 


middle ear disease. This exudate, or transudate, may or may not repre- 


sent the incipient stage of a purulent pachymeningitis and has more than 


once en desc | by operating otologists as meningitis serosa. Consid 
ering these facts, it seems unwise to attempt to draw any conclusions as 
to why «dural fluid seems to remain in the subdural space in some cases 


1) 


of apparent brain edema when one might naturally expect that it would 
be squeezed out. 

Cannon’s explanation as to the action resulting from the diffusion of 
salts from injured tissues into an encapsulated space, while theoretically 
sound for dead membranes, ignores the fact that living animal mem 
branes have a selective action permitting the passage of one ion or 
molecule and preventing the passage of others, and he also appears to 
overlook the fact that such diffusion would affect primarily the subarach- 
noid fluid which directly envelops the brain tissue. We actually do not 
know the mode of absorption of the subarachnoid fluid nor what relation 
it bears to the subdural fluid, for experiments thus far conducted have 
not settled this point. Furthermore, were the resorption of the subarach- 
noid fluid interfered with, the type of swollen brain described by Traube 
and Kolisko could not occur since its change in volume must necessarily 
be largely at the expense of spinal fluid. 

In regard to the occurrence of accumulations of fluid in the ventricles, 
of which Cannon speaks,'** several hypotheses may be offered ; first, that 
the cases mentioned were not those of actually swollen or edematous 
brains; second, that if they were the edema was in its incipience; third, 
that there was some obstruction to the outflow of spinal fluid from the 
ventricles. It is conceivable that under certain conditions of acute brain 
swelling such a result might be brought about. The oft-described perme- 
ability of the brain does not always seem to hold good, for cases have 
occurred in our experience with apparent sudden onset in which flattened 
dry convolutions, dry cut section and distended ventricles afforded almost 


f a confined and increasing ventricular secretion. 


proof positive 

A newer theory of edema than that offered by Cannon and one whic! 
applies equally well to intracranial conditions is that recently advanced 
by Fischer.*** This theory, built on experiments, assumes that certain 


alterations in the fluids of the body, as for example too great alkalinity 


135. Fischer, Martin H.: The Nature and the Cause of Edema, THe JourNat! 
A. M, A., 1908, li, 830 














CHARLES K. STILLMAN 231 


or acidity (including excess of carbon dioxid) so increases the affinitv of 
colloids for water that they become swollen with resultant edema and 


swelling of the tissues. Fischer cites as examples of this action of col- 


loids, swellings due to stings of insects, the swelling of gangrenous tissues 
when water is applied to them, and the swelling of dead bodies kept 1 
water, as cases in point. The brain is rich in colloidal substances wh ] 
should they suddenly begin to absorb water,’** would increase its volum 
in such a manner as to force all the cerebrospinal fluid from the skull. A 
subsequent evacuation of a certain amount of fluid into the tissue spaces 
of the brain, according to the mechanism described by this writer, would 
give rise to the soggy appearance observed. 

While the type of brain of which I have been speaking is undoubtedly 
the one WI! h J l s lowers ive a n na in the LISCUSSIONS, 


it is evident that they have now and then (through oversight of a 


mechanical principle) confused the swollen edematous brain with the 


more common form in which there is extensive o 


moderate pial edema 
and more or less moisture of the brain substance—the type which ha 
been demonstrated as a physiological or pathological brain shrinkage. 

In the first place, although it is impossible for the brain and subarach- 
noidal fluid to be increased at the same time,’** certain of the cases ar 
so described as to imply that this may have taken place. In Cushing’s 


article’** in connection with subtemporal decompression in a case of 


chronic nephritis which has already been referred to, we are told that 
there was considerable fluid in the subarachnoid space and that the arach- 
noid membrane was pricked to allow of this escaping. The obvious 
deduction on reading Cushing’s article is that he was dealing with the 


136. This theory of colloidal absorption is not generally regarded as proved 
It is well known, however, that myelin substances are capable of absorbing large 
quantities of water. 

137. Unless we allow the brains in question to have been markedly shrunken 
beforehand and admit that they have become swollen since. In such cases we 
can at least be sure that the edema itself could have played no part in the pro 
duction of pressure symptoms. 

138. On page 488 Cushing describes the operation at this stage as follows 
“The dura was exceedingly tense and owing to the marked degree of cerebral 
protrusion that followed the first incision, it was opened with considerable hesita 
tion in the absence of coincident lumbar punctures. It was accomplished, how 
ever, without injury to the pia arachnoid. The subdural space contained n 
free fluid. .The arachnoid on the other hand was markedly distended with fluid 
which escaped after pricking the membrane in a number of non-vascular spaces 
where it bridged the exposed sulci. Not only was there a superabundance of fluid 
in the arachnoid space but the brain itself appeared soggy and wet.” This picture 
it seems is hardly compatible with our conception of the swollen edematous brains 
described by Traube unless we accept the paradox that in this instance both brain 
volume and subarachnoid fluid contents were simultaneously increased rhe 
mechanical complications arising as the result of a subsequent cerebral hen 
rhage in the right hemisphere (see page 494 autopsy report of same article) 
certainly renders the case of little value from the standpoint of the study of 
cerebral edema. 
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type of brain which has been especially discussed in this paper, a1 

with a true case of edema of the brain, as he may have supposed 
Similarly Phelps**® cites a case of a patient dying of traun 

injury (the age is not given) in which there was moderate su! 


effusion and well-marked edema of the brain. Cannon'*® cites t 


is an example of brain edema. To multiply such instances is unt 


sary. 

The conclusion to which we are led, based on the fact t! 
1,000 antopsies taken from the records of the Bellevue L 
there have occurred no truly swollen or edematous brains of t 
described either by Kolisko or by Traube, is that these brains are s 
that they cannot figure to any great extent in the common rur 


diseases or surgical conditions which they are popularly suppos 
accompany and that in many instances the inferences drawt 
autopsy table are incorrect ones based on an improper interpret 
the ordinary appearances of pia arachnoidal collections of fluid 

here there is also present some widening of the perivascular s 
It must be remembered, in referring to Nolisko’s cases, that t ! 
of autopsies which he has performed is enormous. 
(nother type occasionally seen is that in which there is get 


ent increase in the volume of the brain, diminution in the s 


ventricles, decreased or absent subarachnoid fluid and pronoun 
tening of the convolutions; but in none of these cases has there b 
increased moisture from the cut surfaces of the hemispheres. 0 


yntrary they have exhibited a rather more than normally di y 


ippearance.'** 


The relations existing between pial effusions and the ay 


deseribed as serous meningitis are such as to create confusio1 


hiefly because the common milky pat hes on the arachnoid re 
mistaken for active inflammatory processes, while any free fluid n 


in the subarachnoid space is consequently assumed to be serous un 
) 


= slightly cloudy. 


143 


\ critical review of the literature of serous meningitis 


the conclusion that a great deal has been written on the subj 


will not bear analysis; indeed, such an examination causes one to qu 


hether, taking into account the various possibilities of mista 


139. Phelps: Traumatic Injuries of the Brain and Its Membranes, vi, 5 
140. Cannon: Am, Jour. Physiol., 1901, vi, 97 

141. Dr. Norris tells me he has never observed this condition, alt 
as for four years been on the watch for it. 

142. A ease of this sort is included in our tables of cranial weig 


volumes, note Group II, Accession No. 2,099, Table 5. 


143. In such cases a careful bacteriological examination must | mad 


eliminate a beginning inflammatory process, especially in pneumonia 

















CHARLES kK. STILLMAN 


can be said to have been positively demonstrated. Thiemich*** 


es that “the term serous meningitis is primarily anatomical and 


as such is ambiguous,” a statement the truth of which becomes increas 





pparent with added study. he instability of the foundations on 


the study of the subject of serous meningitis has been made t 


ade apparent when one analyzes the fourteen cases on whic! 


‘> based his clinical observations. The first six cases were 
nical lasting up to five months with acute onset, acute cours 
very. No bacteriological work was done. A second grou; 


d as “acute cases with a chronic course,” comprises three cases 


of these came to autopsy and showed chronic internal hydrocephalus 


hbereulosis elsewhere in the body. 


third group comprising five cases and described as “chronic,” 
to autopsy. The first of these showed a granular ependvmitis 
rocephalus internus and no tubercles. The second showed 
vdrocephalus, ventricles very wide and filled with clear fluid, 
ependyma, meningitis, extensive milky clouding of the pia, and 
icity of the membranes of the cord. There was a large abscess 
pelvis, pyemic abscesses in the lungs, an old endometritis, and 
= (2).” No bacteriological examination was made. In a third 
mous hydrocephalus (890 c.c. of fluid) was present. For t 
» no histological findings are recorded, no bacteriological wor 
ind intracranial pressure was measured only five times. Every 
(Quine ke’s, therefore, which came to autopsy, was a case of internal 
us. It is hard to see on what grounds he based his assuinp 
n these cases the causative factor was a serous inflammatio1 
eninges. At the same time Quincke'*® informs us that “he did 
t the fluid in chronic serous meningitis differed from ordinary 
spinal fluid. Believing as I do that the spinal fluid is a ventri 
n.'*? IT cannot see how his point is demonstrated or how he 
tiates his cases from the ordinary form of internal hydrocephalus 
ey . as already noted, looks on the so-called ac ut hvdrocephal s 
as a ventricular serous meningitis. He considers that t] 
‘internal” serous meningitis is usually clear but that there ar 
nges which indicate inflammation of the chorioid plexus an 


Possibly the terms “chorioiditis” and “ependymitis” 


emi Serous Meningitis in Diseases of Children, p. 4138 
uincke: Samml. klin. Vortr., pp. 656-668. 
neke Samml. klin. Vortr., p. 678 
[he reader is referred to Brodie’s Harvey Lecture, N¢ York. 1909 


Activity the chorioid plexus being supposed to functionate as dé 


For composition of the fluid in hydrocephalus, see under spinal 


of Physiological Chemistry, Hammarsten Ed., 1908, p. 264 
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Quincke makes a statement in his article that has a distinct mechani- 
cal significance; he says: “In general venous stasis (as in valvular heart 
disease) we see, in addition to edema of the brain substance, increase in 
fluid not only in the ventricles but also, and usually in a higher degree, 
in the subarachnoid space, whereas local venous stasis leads only to trans- 
udation into the ventricles with transudation into the brain and compres- 
sion of the convolutions against the skull.” 

Edema of the brain substance with increase in the ventricular and 
subarachnoid fluids is obviously a mechanical impossibility as already 
pointed out. The second statement implies a closure of the iter or fora- 
mina of Magendie. 

Boenninghaus’ series is equally as unsatisfactory as Quincke’s. It is 
observed that most of his cases can readily be accounted for as either the 
beginnings of acute purulent or epidemic cerebrospinal meningitis, or 
as the chronic and partly healed phases of the same conditions. 

It is hard to see how the condition can be demonstrated by the histo- 
logical findings when we consider that the only way one can really prove 
that a given case of meningitis is serous in character and not some form 
of leptomeningitis with brain shrinkage, is by the presence of serous 
exudate. 

Thiemich lays great emphasis on the bacterial, microscopical, and 
chemical examination of the spinal fluid in these cases and it seems safe 
to say that this is the only satisfactory method in making a diagnosis. 


PART 4.—THE CLINICAL SIGNIFICANCE OF PIAL EDEMA 

There are one or two points of importance that require consideration 
before closing. Of these the first to be considered is the question of the 
extent to which high intracranial pressure accompanies pial edema. 

The simplest method of estimating intracranial pressure post mortem, 
as has already been stated, is by observation of the tenseness and bulging 
of the dura just after the skull is opened. Although only a rough guide, 
this method may be regarded as accurate enough for present purposes. 
In twenty-eight consecutive cases of pial edema examined, the dura was 
found tense in ten, indicating that high intracranial pressure coexisted 
with pial edema in more than one-third of the cases. Proof that the two 
conditions do not necessarily coexist is furnished by a case of pial edema 
which was tapped several hours before death by Dr. H. V. Guile, former 
intern of the Bellevue Hospital staff. The intracranial tension, as meas- 
ured by him, was normal (150 mm. of H,O).**® Certain writers on alco- 


holism, including some recent ones, have looked on the presence of pial 


149. See Accession No. 2,057, in Table 5. 
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edema as evidence of high intracranial tension; it seems wise in this 
connection to point out that in many cases symptoms which may have 
been due to coexistent high intracranial pressure were wrongly ascribed 
to a “‘wet-brain” found post mortem. 

The second question worthy of attention is, May pial edema be looked 
on as a cause of symptoms? I have been at some pains to question the 
various house physicians as to the ante-mortem condition of the cases on 
which I performed the head autopsies, particularly those cases in which 
much edema was present. In Table 5 are the results obtained by this 
system of inquiry. 

I give here a report of all cases as they occurred regardless of whether 


or not edema was present, but regrouped for convenience of study. 


TABLE 5.—REPORT OF ALL CASES AS THEY OCCURRED 


GROUP 1 
Degree of 
Acc. No. Edema Disease Mental Condition Just Before Death 
2,039 XXX Tuberculous meningitis Stupor present. 
2,057 XX Brain tumor. .... Stupor present ; (intracranial tension ante- 
mortem was 150 mm. of H,O) 
2,085 XXX Congenital diplegia Torpid from birth 
2,111 XX Uremia ... er Uremic coma 
2,152 x Tuberculous meningitis Stupor present 


In this group are placed those cases in which the nature of the lesion 
is such that it would be difficult to determine the relation of stupor to the 
coexisting edema. Case 2,057, mentioned above, is of particular interest 
as suggesting that stupor with brain tumor is not necessarily dependent 


on high intracranial tension, as the tension in this case is normal. 


Group 2 No P1aL EDEMA PRESENT 


Degree of 


Ace. No. Edema Disease Mental Condition Just Before Death 
1,907 Chronic pulmonary tu- No cerebral symptoms. 
berculosis. 
1,959 Delirium tremens ..... Delirious till death 
1,974 Polyserositis ......... No cerebral symptoms 
2,099 Fatty liver; cause of Convulsions 
death unknown; in- 
fant 
2,109 Pulmonary tuberculosis. No pressure or other cerebral symptoms 
2,146 Carcinoma cf stomach No cerebral symptoms 


The cases in this group have been included merely for the sake of 
completeness. 

Of the following eighteen patients, nine had absolutely no symptoms 
of cerebral disturbance. Five were irritable or delirious, and four stupor- 
ous or comatose. Of the four cases last mentioned, two presented the 
picture known as “alcoholic wet-brain,” a third was profoundly stuporous 


and a fourth comatose Although included in this group, it is obvious 
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that coma in a case of perforated gastric ulcer with fatal hemorrhage 
(A \ 7% 155) n t readil © due to other factors than those cause | 


bv pressure of fluid on the cortex. 


Gro CASES Sutrasl_e ror Srupy OF THE RELATION of PIAL EpeMA TO SYMPTOMS 
oF STUPOR OR COMPRESSION 


\ N Ldema Disease Mental Condition Just Before Deat 


1.87% XX Cirrhosis of liver ; No evidence of cerebral disturban 
1.5s¢ XXX Interstitial pneumonia No signs of cerebral compressior 
L.St XXX Ac. par. nephritis Iiad no cerebral symptoms until just 


fore death, when he became slightly d 
lirious and later sank into a stup« 


about which there was nothing chara 





teristic 
1.S2 XXX Epithelioma of esopha Died in delirium 
" XX Chronic cardiovascular Was never comatose, nor did he hav ir 
disease mental symptoms beyond the irritat 
ness common to advanced alcoholics 
112 XXXNX General arteriosclerosis Characteristic mental symptoms of senility 


1, XX (ardionephritis P No cerebral symptoms 
1.tMi4 XXX Carcinoma of esophacus No cerebral symptoms 
2.052 \AXX Chronik interstitial Stupor was present 
nephritis 
se XX General miliary tuber No cerebral symptoms 
losis 
=.11 XX Chronic alcoholism; Died in deliri 


gangrenous cervicitis 


2.112 XX Landry's paralysis Conscious t death 

2.117 X Chroni glomerular No cerebral symptoms 
phritis 

2.1 Xx I forated gastric ulcer Died in ma 

2.147 XXX Pulmonary tuberculo Irrationa wandering and part st 
s: chr. alcoholism vus for some tir before deat! 

2.148 XXX Pulmonary tuberculo Moderate degree of stupor present 

sis: chr. alcoholism 
1.040 XX Secondary hemorrhage No cerebral sympt 
2.1 NAN mphvysema Rational all t time died sudden! 
if gt ) bed 
On review, there appears in these findings no evidence in support of 


the idea that pial edema is in itself a producer of symptoms. The symp- 


toms of delirium tremens and “alcoholic wet-brain,” it should be remem- 


bered in Tt s connection, have heen ascribed more properly by others to 
toxemia My observations thus have led me to believe that such symp 
toms as have been recorded are the result of high intracranial pressure 


or toxemia (CO, or other poisons), or both, coexisting with pial edema, 


CONCLUSION 


My conclusions may be summed up as follows: 

1. The collection of fluid in the pia mater is not per se a pathologica 
process but in eve instance represents the reciprocal of brain shrinkag 
2. It produces per se no symptoms. 

3. Thickenings of the meninges in such cases take place chiefly in 


the arachnoid and are not to be regarded as representing a true inflam- 
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1. The brain increases in size up to puberty and diminishes thereafter 
proportionately to its diminution in weight, as shown by comparison 
with the tables of brain weights presented. 

5. Increase or diminution in size of the brain is not determined by th 
state of nutrition of the rest of the body. 

6. The appearance of “wet-brain” so called, or pial edema of alc 
holics, is due to brain shrinkage and has no pathological significanc 
per se. 

7. The appearances of pia-arachnoidal effusion are readily mistaken 
for those of serous meningitis. 

8. When a collection of fluid is present in the pia arachnoid, a diag- 
nosis of edema of the brain is open to question and can be made only on 
the assumption that the brain has been previously in a more shrunken 
condition. 

%. We see no reason to believe that transudation can be a causativi 
jactor in the production of cerebral edema. 

10. Cases of swollen or edematous brains with dry pias are decided], 
uncommon at autopsy and the diagnosis of cerebral edema should lx 
made only when actual increase in the volume of the brain matter can bi 
proved. 

[ wish to thank Dr. Charles Norris for the opportunity to carry out thes 
investigations and for his extended cooperation and criticism I also wish to 
thank Drs. A. M. Pappenheimer and Cyrus W. Field of the laboratory staff for 


assistance and criticisms: Dr. Ernest Sachs for a critical review and Mr. Albert 


L. Stillman for an exposition of those principles of mechanics and physies that 


are involved in this paper 


128 Lexington Avenu 














A CLINICOPATHOLOGICAL STUDY OF PRIMARY CARCI- 
NOMA OF THE LIVER* 


HOWARD T. KARSNER, M.D. 
PHILADELPHIA 


Although much had been written previously, the work of Hanot and 
Gilbert’ was the first comprehensive investigation of primary carcinoma 
of the liver and marked a distinct epoch in the study of the disease. 
Numerous contributions followed this before the publication of Eggel’s* 
great work, the most notable in the interim being that of Siegenbeek van 
Heukelom® whose brevity, clearness and penetrating logic demonstrated 
a most comprehensive grasp of the subject. 

It is not my purpose to go into the details of the voluminous literature 
on primary carcinoma of the liver, for the works mentioned are most 
painstaking in this respect. Furthermore some of the more recent essays 
on the subject bring the literature completely up to date; among these 
works should be mentioned the writings of Conti,* Fulci,’ Bertelli,® The- 
odorow,’ Ribbert,* Cruickshank and Teacher,® and of Fabiani.’® 

In order to have some standard for judgment I have accepted Eggel’s 
conception of the clinical and pathological features of the disease, for 
although several years have passed since the appearance of his paper, 
very little is to be added to his description. After reviewing the literature 
of the nomenclature of epithelial tumors he includes under the broad 
term of carcinoma all epithelial new growths of malignant character, a 
thoroughly German conception. In reference to the liver, he speaks of 
carcinoma when there is either macroscopically or microscopically the 
formation of tumor thrombi or metastases or when there is exhibited a 
destructive influence on the surrounding liver tissue. 

On the basis of Eggel’s critical study of 163 cases from the world’s 
literature it may be said that cancer of the liver is most frequently a 
*From the McManes Laboratory of Pathology, University of Pennsylvania. 

*Read before the Pathological Society, Philadelphia, May 26, 1910. 

1. Hanot and Gilbert: Etudes sur les maladies du foie, Paris, 1888. 

2. Eggel: Beitr. z. path. Anat. u. z. allg. Path., 1901, xxx, 506. 

3. Siegenbeek van Heukelom: Beitr. z. path. Anat. u. z. allg. Path., 1894, 
xvi, 341. 

4. Conti: Policlinico, Rome, 1908, xv, 385. 

». Fulei: Policlinico, Rome, 1908, xv, 408. 

6. Bertelli: Riforma Med., 1908, xxiv, 957. 

7. Theodorow: Virchow’s Arch. f. path. Anat., 1908, exciii, 407. 

8. Ribbert: Deutsch. med. Wehnschr., 1909, p. 1607. 


9. Cruickshank and Teacher: Jour. Path. and Bacteriol., 1910, xiv, 282. 
10. Fabiani: Gaz. d. osp., 1910, xxx, 433. 
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disease of men (63.3 per cent. males, 36.7 per cent. females) occurring 
particularly between 50 and 60 years of age (average for men 53.11 years, 
for women, 52.23 years). The past history of the patient often shows 
factors that would seem to favor cirrhosis, such as alcoholism, syphilis, 
biliary calculi, trauma and in a few cases (four in 163) a history of 
cancer in other members of the patient’s family. 

Clinically, the earliest symptoms are those of more or less vague 
trouble in the gastro-intestinal tract. Before the appearance of the 
symptoms referable to cancer, symptoms of atrophic cirrhosis sometimes 
predominate. After the development of the cancer, loss of flesh, digestive 
disturbance and cachexia put in their appearance. Statistically the 163 
cases show icterus in 61 per cent., ascites in 58.5 per cent., edema, espe- 
cially of the lower extremities, in 41 per cent., splenic tumor in 32 per 
cent. and fever in 14 per cent. The duration averages about six months, 
although the estimation of the time of origin is much confused by the 
symptoms of the early cirrhosis. 

From the point of view of gross morbid anatomy Eggel differentiates 
three forms of primary carcinoma of the liver: 

1. The nodular form. The new growth appears in the form of nod- 
ules of variable number and size, for the most part clearly separated from 
the liver tissue. 

2. The massive form. The tumor forms a large mass taking in an 
entire lobe or the greater part of it, is poorly defined and often shows 
smaller metastatic nodules. 

3. The diffuse form. The whole liver is infiltrated with numerous 
small tumor nodules often no larger than an acinus, each enclosed in a 
connective tissue band so that the liver often is only differentiated from 
a pure cirrhosis by the aid of the microscope. 

This grouping differs from the generally accepted classification of 
Hanot and Gilbert only in the third form, which the latter authors 
term cancer avec cirrhose. Cirrhosis is such a common feature in cancers 
that should properly be classified as nodular or massive, that in the light 
of more modern studies of a greater number of cases, this classification 
of Hanot and Gilbert seems unjustified. 

Microscopically there are two chief groups, the carcinoma solidum 
(really a carcinoma simplex) and the carcinoma adenomatosum, corre- 
sponding respectively to the épithéliome alveolaire and the épithéliome 
trabéculaire of Hanot and Gilbert. 

Although Hanot and Gilbert thought it possible to differentiate these 
forms clinically, the studies of Eggel and others seem to indicate the 
impracticability of such a fine diagnosis. 

The purpose of the present communication is to present a detailed 
study of nine cases of primary carcinoma of the liver, some of which 
came under my personal] observation in the Philadelphia General Hospital 
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and the University Hospital, and others of which were kindly referred to 
me by Dr. Warfield T. Longcope, the Director of the Ayer Clinical Labo- 
ratory of the Pennsylvania Hospital. The special features of these cases 
wil! be discussed with their individual presentation. The gross descrip- 
tions of the specimens from the Pennsylvania Hospital are by Dr. Long- 


cope The minute descriptions throughout are my own. 


REPORTS OF CASES 


Case 1.—History.—M. W., a white woman, aged 40, was a patient in the Uni 
versity Hospital (No. 1,885) in the service of Drs. Martin and Carnett. The 
clinical history is abstracted as follows: The family history is negative. 
Eighteen years ago the patient had an attack of chills, fever and jaundice with 
vague pains in the abdomen; she had similar attacks about once a year from this 
time on, and the most of these had the same symptoms with loose light-colored 
stools. She never vomited but often felt nauseated. Seven years ago she had 
an attack of inflammatory rheumatism which lasted four weeks. She has been 
an excessive coffee-drinker 

Present Illness.—Three months ago the patient was taken with an attack of 
chills, fever and jaundice, the last being much deeper than ever and remaining 
unchanged up to the present time; has much diarrhea, has lost weight and com 
plains now of pain and tenderness in the upper abdomen, especially on the right 
side 

Physical Examination: Jaundice and emaciation are present and the liver 
is markedly enlarged, easily palpable, as is also the case with the spleen. Tem 
perature is not elevated at any time. Urine shows slight sediment, 1.018, acid, 
negative for albumin, sugar, but positive for bile; it shows a few leukocytes and 
epithelium 

Blood: Hemoglobin, 71 per cent.; red blood-cells, 3.910.000; white blood-cells. 
7,000. Differential count, polymorphonuclears, 70 per cent.; lymphocytes, 12 per 
cent.: large mononuclears 1 per cent.; transitionals, 9 per cent.; eosinophils, 6 
per cent.; basophils, 2 per cent. No malarial organisms. 

s show no free fat, but a few fatty acid crystals, a few small masses of 


} 


Stoo 

soap 
Exploratory operation was performed by Dr. Martin after which there devel 

oped a very marked hemophilie condition and the patient died a few days later. 


Vecropsy (by H. T. K.).—This was performed about twelve hours after 


deat The notes are abstracted as follows: Liver weighs 2,320 gm.; measures 
28 by 23 by 7.5 em.; shows prolongation of the sharp anterior edge; the edg: 
itself is of normal sharpness. The upper surface is flattened. The capsule is 
adherent posteriorly and there are several glands adherent but not very densely, 
in the transverse fissure. The surface of the liver is coarsely granular but, except 
in the position of adhesion, shows a glistening surface. The color is generally 
green with mottlings of yellow and yellowish-gray areas approximating the size 
of a millet-seed to that of a small pea; consistence is greatly increased. On 
section the liver cuts with considerably increased resistance; cut surface shows 
the same degree of granularity as noted on the outer surface. In a few areas 
tubules with verv much thickened yellowish gray walls are seen to be cut across 
Approaching the under surface of the right lobe one finds on cross-section a mass 
running almost directly anteroposteriorly, apparently spindle-shaped, extending 


from the anterior margin of the liver almost all the way through it, but not 
being visible on the surface except anteriorly where a small area of triangular 
shape is seen, which superficially resembles scar tissue A cross-section of 
tumor mass in its middle part measures 5 by 3 em.; it tapers posteriorly to 
become invisible, while anteriorly it measures roughly 2 em. in diameter. Direct 


connection of one part of this mass with other parts all through the liver sub 
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stance cannot positively be demonstrated. The mass is not sharply outlined and 
fades away into the hepatic tissue with almost no signs of pressure, apparently 
replacing the parenchyma. The tumor is grayish-yellow in color with some 
pin-head points centrally placed of a deep yellow color with a peripheral zone 


of hemorrhagic points varying from bright red to a deep blue color The con 
sistence of the mass is somewhat firmer than that of the liver tissue and approxi 


mates that of hard rubber; the central minute yellowish areas are considerably 
softer and are probably minute areas of necrosis. The number of ducts with 
thickened walls (same hard consistence as tumor) is greater in the nei 
of the tumor than in other parts of the liver, but can be demonstrated generally 
in both right and left lobes. 

The condition of the other organs is indicated in the gross anatomical diag 
nosis as follows: Primary carcinoma of liver, metastases to subhepatic glands 


ghborhood 


and right adrenal; general jaundice, ascites, splenic tumor; chronic diffuse 
nephritis; general abdominal congestion; laceration, erosion of cervix uteri with 


hemorrhage into wall; chronic adhesive perioophoritis (left): chronic cysti 
oophoritis (right) ; edema and congestion of lungs; very slight cloudy swelling of 
myocardium, Microscopically, three sections from the liver were studied, one 
of liver, two of tumor. The liver proper shows marked thickening of the capsule 


of Glisson made up of moderately dense fibrous tissue without many nuclei but 
considerably infiltrated with round cells. In many places the capsule is infil 
trated with epithelial cells of the type of those found in the tumor, i. e., large 
generally circular vesicular nuclei and moderately abundant, well-stained proto 
plasm. Many epithelial tubules are seen on cross-section which either appear as 
normal gall-ducts, or show several irregular layers of epithelium without dis 
tinct basal membrane. Some of the larger bile-ducts show distinct peripheral 
tibrosis. The blood-vessels are normal. In many areas the peripheral parts of 
the lobule show distinct replacement of the liver-cells by irregularly placed cells 
of the type seen in the tumor. The parenchymal cells are swollen, granular and 
show loss of outline although the general chain arrangement is maintained 
Many of the cells contain masses of granular greenish-yellow pigment which in 
some cases is so abundant as to completely occupy the cell. In many cases large 
collections of pigment are found in spaces corresponding to bile capillaries. The 
nuclei are generally normal, some few, however, stain poorly and show abnormal 
arrangement of chromatin. Duplication of nuclei in a cell is observed but no 
mitotie figures. Central veins show no congestion. 

The tumor proper is richly fibrous and is made of irregularly arranged inter 
communicating acini, lined sometimes by a single layer, sometimes by multiple 
layers of epithelial cells. These are low columnar cells, morphologically and 
tinctorially like bile-duct epithelium, often, however, being of somewhat large 
size. The nuclei, frequently, are more highly vesicular than in normal ducts an 
mitotic figures are fairly frequent. The growth penetrates through the liver 
tissue irregularly, in places substituting itself for liver tissue and in other places 
pushing the tissue aside. Numerous areas show fine hemorrhages. There appear- 
to be every transitional stage between simple bile-duct proliferation and thi 
adenocarcinoma, Extension into veins occurs but is not frequent; the tumor 
even here shows the adenomatous arrangement and often completely obliterate~ 
the vessel. Involvement of lymph-spaces could not be determined. 

Other tissues were examined microscopically, the diagnosis being: Primary 
adenocarcinoma of the liver, with involvement of the liver veins; cloudy swelling 
of myocardium, chronic congestion of spleen; chronic interstitial nephritis wit! 
superimposed acute parenchymatous nephritis. 


To summarize, the tumor appeared in a woman 40 vears of age. Clin 
ically she had a history of excessive coffee-drinking, and an illness simu 


lating cholelithiasis. She showed jaundice, emaciation, and very slight 
ascites. Pathologically the tumor was primary in the liver, with limit 


! 
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metastases, slight neoplastic thrombosis, cirrhosis and splenic tumor. 
The liver tumor is of the tubular type and apparently has its origin in 
the finer bile-ducts. 


Case 2.—History.—C. C., a Swedish man, aged 49; was a patient in the Phila- 


delphia General Hospital (No. 2,450) on the service of Dr. H. B. Allyn. The 


clinical history is abstracted as follows: The chief complaint is weakness in 
both legs. ‘The family history is negative. The patient had the usual diseases of 
childhood had pneumonia, had lead colic five years ago. He does not use 
ileohol; denies venereal infection. He is a lead worker. The present illness 
began with pain in the abdomen, weakness and constipation one week ago. 
Physical Examination.—This shows blue line on gums, arcus senilis, unequal 
pupils, enlarged liver (3 cm. below costal margin) and later demonstrable 
ascites. sefore death he developed convulsions, hematemesis, delirium. 


Blood: Hemoglobin, 40 per cent.; erythrocytes, 3,230,000; leukocytes, 5,000, 
of which the polymorphonuclears formed 76 per cent., small lymphocytes, 9 per 
cent.; large lymphocytes, 8 per cent.; eosinophils, 3 per cent., basophils, 4 per cent. 
No basic degeneration of erythrocytes. 

Urine: Alkaline, specific gravity, 1.018; negative for albumin and sugar. 

Necropsy.—This was performed by me twenty-four hours after death, the 
notes being abstracted as follows: Liver weighs 3,300 gm.; measures 28 by 23 
by 11 em.; very firm, abnormally rounded, shows a smooth, glistening, trans- 
parent capsule through which the liver substance is seen to be studded with 
innumerable grayish-yellow nodules with umbilicated surface, generally rounded, 
discrete and confluent, varying in size from a diameter of 1 mm. up to 4 cm. 
The organ cuts with moderately increased resistance, shows the same appearance 
of discrete and conglomerate nodules, showing a central mass of bright yellow 
structureless apparently necrotic material sharply outlined, and surrounded by 
a linear pearly gray mass generally about 2 mm. in thickness; this latter mass, 
although sharply outlined from the central necrosis, is not sharply defined from the 
liver substance and shows a tendency to diffuse itself through the liver substance 
following in a general way the lines of the capsule of Glisson. In some places 
suggestions of liver structure are still found within the central necrotic masses 
and some of these also show small areas of hemorrhage. The uninvolved liver 
tissue is very small in amount and shows well-marked central congestion and 
greenish-yellow discoloration of the peripheral zone. 

The other organs correspond in appearance to the gross anatomic diagnosis: 
Primary nodular carcinoma of liver with metastases to lungs, pleure#, pancreas, 
left kidney, retroperitoneal lymph-nodes; congestion and edema of lungs; ascites 
(4 liters); anemic infarcts of spleen and kidneys; acute vegetative mitral and 
aortic valvulitis; chronic interstitial nephritis; arteriosclerosis. 

Microscopically the description of the liver is the composite of five slides. 
Capsule thickened by an overgrowth of dense fibrous tissue. The capsule of 
Glisson shows well-marked fibrous tissue overgrowth and some lymphocytic infil 
tration. The veins are moderately congested and the arteries show slight thicken- 
ing of their walls. In numerous places where there is especially marked over- 
‘rowth of the fibrous tissue an epithelial proliferation is noted. The epithelial 
cells are columnar type and are arranged in the form of irregular tubular or 
acinous masses, either solitary or continuing to form large infiltrating areas. 
In one slide the cells correspond very closely to those of the bile ducts, being low 
columnar, only moderately acidophilic, and with relatively small, circular, slightly 
vesicular nuclei. In studying the sections considerable variation is noted in the 
character of the epithelial cells of the proliferating masses, those showing most 
marked change being of high columnar type, with suggestions of cilia, faintly 
stained protoplasm and vacuoles which, although usually small and poorly defined, 
contain a finely granular basically stained substance evidently mucinous in 
nature. Much of the epithelium of this type is mounted on thin villous strips of 
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connective tissue. In the places where the cells present a less markedly columnar 
element there can be found occasional figures, which present the same type of 
proliferation as that seen in the coccidiosis of the rabbit’s liver— 
a surrounding band of connective tissue and a distinct villous proliferation of 
the lining epithelium. The tumor as a whole shows few karyokinetic figures. 
The lumina of the acini are more or less filled with slightly acidophilic granular 
material and fragments of nuclei, in some instances also complete desquamation 
of the cells; the supporting connective tissue is scanty. Evidences of infiltration 
are numerous. Piling up of cells along the walls of the acini and definite pene- 
tration of the basement membrane are seen commonly. Penetration of the mass 
through the liver substance replacing connective tissue and substituting itself 
for parenchymal tissue is a common feature. Necrosis is found in several se 
tions, apparently as a central change, the necrosing areas being surrounded by 
proliferating epithelial tissue. Small areas showing neoplastic thrombosis of the 
perilobular veins are observed but they are relatively infrequent. 

The lobules not involved by the cancer show swelling of the parenchymal cells, 
obliteration of outline, obscuration of the nuclei and protoplasmic granularity. 
The nuclei are vesicular but variable in size, some being much enlarged and 
showing increased chromatin content. Many of the central lobular cells show 
minute vacuolization, associated with slight nuclear pyknosis and some hemo 
siderin pigmentation. Fibrosis about the central vein can be seen but no con 
gestion is noted. 

Other organs were examined microscopically and the diagnosis is as follows: 
Primary adenocarcinoma of liver with neoplastic thrombosis of veins; passive 
congestion, edema, tumor metastases of lung; slight chronic interstitial myocar 
ditis and infarct of papillary muscle; chronic fibrous splenitis and perisplenitis, 
anemic infarct of spleen; subacute parenchymatous nephritis, anemic infarct, 
tumor metastases; slight vacuolation and chromaffine increase in adrenals; tumor 
metastases of lymph-node. 


To summarize, this tumor appeared in a man 49 years of age. Clin- 
ically there is a history of lead-poisoning (lead worker), short duration 
of illness, ascites, enlarged liver, abdominal pain (possibly lead colic) 
but no jaundice. Pathologically the tumor is of the nodular type with 
very little cirrhosis, histologically adenomatous, with slight neoplastic 
thrombosis and wide-spread metastases outside the liver. 


CASE 3."—History.—The patient, E. F. (No. 2,128), was a girl aged 11, white, 
Section was submitted to the laboratory through the State Department of Health 
by Dr. H. Y. Pennell, of East Downingtown, Pa. Dr. Pennell in a letter gave 
the following history, which has been abstracted: The patient was of exception 
ally robust stock, the history being otherwise negative. She had always been 
strong and healthy except for an attack of pneumonia eight years ago. 

Present Illness—This began early last summer. The patient consulted a 
physician in June, 1907, and following months for jaundice. This (jaundice), 
with loss of energy and disinclination to work or play or walk far, was the 
chief symptom, until within the last two or three months. It was recently 
noticed that she had become unnaturally stout and so weak that she could with 
difficulty go upstairs. She complained of no pain excepting over the heart on 
exertion. 

Physical Examination.—This showed cachectic pallor, moderate jaundice, 
ascites, distention of abdominal veins, hypertrophied heart, dyspnea, anasarca 
The temperature ranged between 99 F. and 103 F., pulse about 130, respiration 

11. This case was used by me in a paper on Carcinoma in Early Life, New 
York Med. Jour., 1909, xe, 1109. 
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ibout 34. Feces were pale; urine negative for albumin and sugar. Blood exami 
nation failed to show leukocytes. Constant systolic apical cardiac murmur. 
Vecropsy.—This was limited to the abdomen, and was performed by Dr. 
Pennell, whose notes are abstracted: “On opening the median line of the abdomen 
the first thing met was the enlarged spleen, about the size of a normal liver, 
very dark and uniform in color, soft and smooth. . . . The liver was next inves 
tigated and found to be of a brownish yellow color, a little smaller than normal, 
very hard, and containing on the surface and within the substance innumerable 
tumors, of size from those just visible to that of a walnut. The larger ones showing 
radiations from umbilicated centers. It was a portion of one of these sent for 
examination. The gall-bladder was empty, normal in size, but almost pure white 
in color. The stomach and bowels, as also both kidneys and pancreas, appeared 
to be normal. There was no tumor in the pelvis. I regret not having examined 


the heart and mediastinum, but was convinced at the time that we had the 
primary seat of trouble in the liver.” 

Histologically, the section of liver showed the perilobular connective tissue 
much inereased and the seat of numerous fibroblastic and other early cellular 
elements indicating the progressive character of the cirrhotic feature of the case 
All through this tissue were found small biliary tubules, and scattered in the 
structure were small, isolated groups of hepatic cells which had been cut off 
from the lobules by the invading connective tissue. In addition there were 
scattered numerous smaller epithelial cells of the type of the bile-ducts, both 
is isolated cells and in more or less broken columns rhe tibrous tissue pene 
trated to some extent into the hepatic lobules, but in very irregular manner and 


degree. 


rhe hepatic tissue showed a variable state; at places (generally rather 
toward the periphery than center of the lobule) it was definitely necrotic or 
showed fatty degeneration. Much showed a minor grade of fatty infiltration, 
ind much was practically unchanged. No pigmentary deposits were noted, either 


in the liver cells or in the perilobular tissue. 
rhe general appearance was that of an adenocarcinoma, apparently quite 
diffuse, and accompanied by a progressive cirrhosis. 


The spleen showed congestion and edema. 


To summarize, this tumor appeared in a girl aged 11, whose history 
s negative. She showed a short duration of disease, jaundice, ascites, 
edema clinically; and a nodular adenocarcinoma of the liver with cirrho- 
sis but without venous involvement or apparent metastasis. 

Case 4.—History.—F. W., a white man, aged 53, an American, was a patient 


in the Philadelphia General Hospital (No. 2,518), on the service of Dr. Henry 
rhe clinical notes are abstracted as follows: 


rhe chief complaint is pain and tenderness in the epigastrium. The family 
history is negative. The patient had the usual diseases of childhood; he used 
tobacco excessively, never used alcohol to excess. The present illness began with 
pain and tenderness in epigastrium two months before admission. The patient 


had hemoptysis occasionally. 

Physical Examination—This shows slight jaundice of upper part of body, 
dilated veins of chest, nodular enlargement of liver, ascites, splenic enlargement, 
edema of feet 

Blood: Hemoglobin 70 per cent.; erythrocytes, 3,560,000; leukocytes, 8.800, of 
which polymorphonuclears formed 67 per cent., small lymphocytes 26 per cent 
large lymphocytes 1 per cent., eosinophils, 4 per cent., basophils, 2 per cent 

Urine: Acid, specifie gravity 1,026, shows erythrocytes and epithelial cells, 
negative for albumin and sugar 

Stools: negative for oecult blood. 


The patient ied of erysipelas 
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Vecropsy his was performed by me thirty-six hours after death, the notes 
being abstracted as follows Liver weighs 2.700 yn measures 31 by 18 by 9 
em.; surface markedly irregular and nodular, deeply blood-stained and markedly 
adherent to the omentum, which is folded over the surface of he liver Through 
the capsule many of the nodules have a yellow appearance and others show a 
dark red color; none show umbilication Organ cuts with increased resistance 
and in the right lobe it measures only 12 em. in coronary diameter, shows a well 
marked atrophic cirrhosis, there being present a dense network of fibrous tissue 


in whose meshes are circular masses of slightly projecting greenish brown liver 


substance. The left lobe is enormously enlarged in all its diameters and shows 
ittle remaining liver tissue Cross-section shows necrotic nodules varying fron 

diameter of 1 mm. up to 5 em.; the edges are not sharply outlined and tend 
to fuse with irregular bands of connective tissue about then These nodules 
which show red through the capsule, appear to be made up of a small networl 


of distended vessels 





The other organs showed the appearances indicated in the Oss anatomica 
diagnosis: Chron idhesive pleurisy, passive congestion and eden tumor 
metastases, of lung; cloudy swelling of myocardium, sclerotic mitral and aorti 
valves; primary cancer, with atrophic cirrhosis of liver; acute splenic tumor an 
chronic fibrous perisplenitis; arteriosclerotic chroni nterstitial nephritis 
chronic atrophic gastritis; congestion of gastro-intestinal tract: ascites; arteri 
sclerosis; tumor metastases to mediastinal, retroperitoneal at nesenteric lymp! 
nodes 

Mic roscopically several sections of liver were examined The outer capsule 


and perilobular connective tissue are considerably overgrown and show slight 


infiltration with lymphocytes. The overgrowth is so marked that the acini of 
the liver appear as small isolated masses scattered irregularly throughout rhe 
liver-cells show cloudy swelling and in the center of the lobule considerable 
atrophy he central veins are moderately congested Marked bile-duct prolif 
eration is evident throughout Che veins of the perilobular tiss are consider 


ibly congested and show frequent neoplastic thrombosis 
Che tumor is made up of low columnar and irregular cells approximating the 
S1Zeé ot those ‘ 


f the bile-ducts, and the staining reactions of the protoplasm ar: 
closely similar Che nuclei are small, vesicular and very like those of the bil 
ducts. Mitotic figures are very infrequent For the most part these cells are 


arranged il 


fairly large nests with ramifications into the surrounding tissue 
in the form of small finger-like projections. The cells in the margins of these 
masses are well preserved, but there is very evident central necrosis and frequent 
microscopic hemorrhage into these necrotic areas The invasion of the veins 
is very well marked, the vessels being completely oceluded by the thromboti 
masses and showing some stretching of the muscular and elastic tissues of thei 
walls. Connection between the larger masses and the proliferated bile-ducts 


not very clear but transition stages can be demonstrated with great facility 





the finer grouping of the cells of the larger masses is not clearly adenomator 
because of the fact that, although the cells are arranged in little circles, vet 
distinct lumina are infrequent However, the gre uping of the cells and thei: 
ipparent connection with, and close similarity to, the proliferated bile-ducts 
seems to justify the diagnosis of tubular adenocarcinoma 

Sections of other organs were made, the microscopic diagnosis being: Primary 
adenocarcinoma of liver with marked sclerosis and neoplastic thrombosis metas 
tasis to diaphragm, lungs, lymph-nodes (mediastinal passive congestion, edema 
of lungs; leukoplakia of tongue; chronic interstitial plenitis, pancreatiti 


nephritis; fibrosis and chromaffin increase in adrenals 
To summarize, this tumor appeared in a man 53 vears of aw The 
history shows excessive use of tobacco, short duration of i Iness. ascites, 


hemoptysis (7), dilated veins of chest. nodular enlargement of live 
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(‘ASE 5 Hist Lhe patient ] h 1 whit min iw >»? Ame ( “ 
n the service of Dr. Stengel in the Pennsylvania Hospital No. 1,154 I 

ords and specimens were furnished me by Dr. Longeope. A brief abstract 
the clinical history follows rhe chief mplaint is pau ibdomer Past } 


Vv 18 negative, except for ileoholisn { 


Present Illness Symptoms began four months ag vit cramp-like pains 
ibdomer Three weeks ago the patient became jaundiced and began to n 
he i constipation and elay-colored stools there was no blood in stools 
vomitus 1 ive iihiomer increased rapidly 1 | recent hy the | . 


iematous 
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vas performed through the operative incisior by Dr. EF. B. Krumbhaar, twenty 








hours after deat His notes are abstracted as follows 
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The description of the various organs corresponds to the gross anatomical 
liagnosis: Primary tumor of liver causing obstruction of hepatic duct and 
epatic veins; general icterus and emaciation; multiple infarcts (%) of liver; 

metastases of tumor to pleura and mesentery and retroperitoneal lymph-nodes; 


ngestion, edema and partial atelectasis of right lung an 


d intestinal peritoneum ; 
oudy swelling of kidneys; chronic cholecystitis; healed tuberculosis of lungs 


Microscopically, sections from the liver taken where the tumor involvement 
s not especially marked show an outer capsule of normal thickness, and a peri 


bular capsule which is distinctly overgrown r) tissue is loosely arranged 


ind with the Weigert stain shows a moderately rich elastica. The blood-vessels 


show little change except for the presence of well-marked venous stasis and an 


isional venous thrombus. None of the thrombi show the presen of tumor 
elements. rhe bile-ducts are definitely increased in number and occasionally 
show clubbing at their ends or other irregularities to suggest beginning atypical 
liferation. The cells of the parenchyma show rdvanced cloudy swelling 


ughout and in addition those placed centrally in the lobules are distinctly 


tre ic, more markedly degenerate and in places distinctly necrotic | central 

in is congested, and with the Mallory connective tissue stain periver s fibrosis 
running out between the necrotic cells is very well marked 

rhe sections taken from tumor proper show small areas where the ture is 
the same as that described above, but the greater part f these sections show 
dense connective tissue masses containing a few smooth muscle bands and richly 
nfiltrated with an epithelial overgrowth showing itself in the forr f small 
icini which sometimes are lined by columnar cells like those of the bile-ducts 
sometimes by larger cuboidal cells with relatively large vesicular nuclei and 

asionally seen as irregular masses of irregularly hexagonal cells showing n 
men whatever. In some fields masses of this sort appear as terminal bulbs 
ittached to the smaller tubular acini Mitotic figures are fairly numerous Phe 


lumina of many of the acini are filled with a finely granular faintly basophilic 
material, evidently mucin rhe entire mass, both epithelium and connective tissue 
ippears to substitute itself for liver tissue, the parenchymatous cells undergoing 
more or less marked necrosis in the neighborhood of the advancing growth 


\reas are found with changes intermediate between the moderate bile-duct pr 


beration of the first section and the distinctly malignant growth of the second 
section and from this point of view it would appear that the growth is from the 
bile-ducts. In other places there appears to be direct transformation from 
parenchymatous cells into cancer-cells, but this appearance might easily be the 
result of the invasion of the tumor mass. Venous thrombosis is present in these 
sections but no cancer-celis are observed in the thrombi. Granules of bile-pigment 


ire observed in the liver lobules in all sections but no evidence of it is seen in the 





Sections from other viscera were examined and the microscopic diagnosis in 
full reads: Brown atrophy of myocardium and fibrosis of the mural endocar 

im; congestion and caseous tuberculosis of lungs primary a ircinon f 

er with metastases to pleura, peritoneum, mesentery, retroperitoneur pan 
reas, adrenal and lymph-nodes derate perilobular cirrhosis, cloudy s li 
iry pigmentation and passive « gestion of liver; cloudy swelling of ne 

lo summat this case Is one of prin 1denocarcinoma t ‘ 

' , originatil n thy nel e-ducts na 1 ed 40 ( ' » |] 
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formed by Dr. Longeope, who furnished me with the specimens and records. An 
abstract of the clinical history follows: 

The chief complaint is diarrhea and fulness in the abdomen. Temperature, 
97; pulse, 92; respiration, 24, on admission. The patient has never been sick 
more than a day or two at a time until the present illness; has lost weight grad- 
ually for ten years; smokes opium. 

Present Iliness—The patient has been sick two months; the abdomen has 
been swollen three weeks. The patient has had pain in hypochondrium two weeks. 
His appetite is poor. 

Physical Examination.—The patient is emaciated; jaundiced; marked arcus 
senilis; tongue dry, coated. Abdomen distended and contains fluid. Liver and 
spleen not palpable. Slight edema of feet and ankles. 

Urine: Clear, deep amber, acid, 1.031, no sugar, trace of albumin, contains 
bile, eylindroids. 

Blood: Hemoglobin, 75 per cent.; leukocytes 11,200; red blood-cells, 4,340,000. 

Stools show occult blood. 

The patient became delirious before he died. 

Vecropsy.—The abstract of the notes is as follows: Gall-bladder contains more 
than 100 ¢c.c. of dark greenish-brown bile; its wall is thin and the mucous mem- 
brane is grayish in color. Cystic duct is patulous. Hepatic duct is slightly 
dilated as it enters the liver and its course cannot be followed very far. Bot 
ducts contain a small amount of soft reddish-gray material. 

Mesenteric veins are blocked by the same material. 

Liver weighs 1,850 gm.; measures 30 by 16 by 9 cm.; it is dark grayish yellow 
in color mottled by yellowish white to dark green elevated areas measuring from 
a pin head to 1 em. in diameter. Elevations are numerous and very irregular in 
shape and distribution; the yellowish-white elevations are more numerous in the 
left lobe and the greenish ones in the right. These elevations are glistening but 
the tissue separating them is opaque. In the right lobe, either anteriorly or pos 
teriorly, the greenish-gray and brownish-red elevations predominate except around 
a cicatricial band of white, hard tissue 12 em. in length, which starts at the 
junction of the lower border of both lobes and goes upward and backward; this 
shows many yellowish-white elevations. On section the liver is very flabby, and 
green to yellow in color; lobulation is obscured, but at the upper portion of the 
dome a few greenish-yellow lobules can be seen surrounded by dark brown inter- 
lobular tissue. The liver substance is almost entirely taken up by irregularly 
rounded, soft, dark yellowish-white nodules measuring from 1 to 3 mm. These 
nodules are more numerous at and around the hilum, and they are in places small, 
light yellow and in others larger and almost diffluent, whitish yellow with many 
small white dots. On pressure one can squeeze out dark brown material mixed 
with light yellow and dark red substance. The hepatic veins and artery are 
found free from any suppuration, but the portal vein is blocked for a distance of 
about 10 em. from its free course, with soft red material striped with yellow. 
As the vein enters the liver this material is so adherent to the wall that it 
seems as if it were growing from it. From this point on to the finest visible 
branch the vein is blocked with the same material. 

rhe remaining organs correspond in appearance with the gross anatomical 
diagnosis: Carcinoma arising in liver, with extension into portal vein; throm- 
bosis of pulmonary artery; ascites; chronic perisplenitis, slight splenic tumor 
follicular cholecystitis; dilatation of common and cystie bile ducts and gall-blad 
der; congestion of lungs; arteriosclerosis. 

Microscopically, several slides were studied and the report is a composite one. 
The outer capsule is considerably thickened and the perilobular connective tissue 
markedly increased. The interacinous bile-ducts are moderately increased in 
number but not so much so as would be expected for the grade of cirrhosis. The 
veins are much congested and in many cases filled with neoplastic thrombi. The 
cells of the parenchyma show advanced cloudy swelling and central atrophy, but 
the most striking change in them is a wide-spread necrosis which appears in both 
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peripheral and central positions and is too extensive to be looked upon as the 
usual expression of focal necrosis. The central veins are markedly congested but 
show little fibrosis. Throughout the lobules but most noticeable in their periphery 
are enormous numbers of amorphous dark green pigment masses, very clearly 
defining the intralobular bile capillaries in the unstained specimens. The tumor 
masses are distributed irregularly and profusely throughout the sections, often 
more or less limited to the perilobular structures, again penetrating clearly within 
the acini. The cells are of irregular outline and variable size but generally 
somewhat larger than the liver cells. They are arranged in clumps which are 
quite free from connective tissue (with Mallory stain) and show no attempt at 
gland formation. The protoplasm is rich and vacuolated as if by fat globules 
The nuclei are large, oval, vesicular and show frequent mitoses. Here and there 
large protoplasmic masses are found containing multiple nuclei. In masses 
quite free from veins, fairly large areas of hemorrhage are found. No transitional 
connection between liver parenchyma and new growth can be demonstrated. The 
large number of neoplastic thrombi in the perilobular veins is a striking feature 
Sometimes the thrombi appear to dilate the veins. In other cases the veins are 
not dilated very markedly but are completely occluded by the tumor cells. A 
few of these neoplastic masses are in perivascular situations and would seem to 
f the 


be lymph spaces rather than veins. In some of the larger veins much < 
elastica has been destroyed by the tumor growth. 

Microscopical examination of the other viscera was made and no metastases 
noted. Microscopical diagnosis: Carcinoma solidum of liver with extension 
into portal vein; passive congestion, necrosis, biliary pigmentation of liver; cor 
gestion and follicular hyperplasia of spleen; chronic diffuse nephritis 


1 
} 
i 


To summarize, this is a case of primary carcinoma of liver of solid 


form, occurring in a Chinaman 56 years of age. Clinically there is a 
history of opium-smoking, short duration of illness, emaciation, jaundice, 
ascites and slight edema of feet and ankles. Pathologically there is the 
tumor with portal vein thrombosis, no metastasis, slight splenic tumor, 
and the thrombosis of the pulmonary artery which appears not to hav: 
been neoplastic. Hemorrhage is noted in tumor areas but is very slight. 


It is significant, however, in that in one case at least, that of Ewing.?° it 


was severe enough to have been the cause of death. 


Case 7.—History.—L. F., an Italian, aged 34, was a patient in the Pennsyl 


vania Hospital (1,152), on the service of Dr. Tyson The records and speci 
mens were furnished me by Dr. Longeope An abstract of the history follows 
Chief complaint, jaundice, abdominal pain and fulness rhe family history is 
negative. The patient is a steady drinker, smokes to excess; good appetite; bowels 
regular. 

Physical Examination.—Well nourished, skin quite vellow; skin of flanks 


scarred in linear stria as if by distention. No marked prominence of abdominal 


veins. Tongue coated; teeth good. Thorax, lungs and heart negative. Abdomer 
tense, dome-like tympanitis in upper part, movable dulness in flanks. Spleen no 
palpable, no tension nor rigidity. Liver, sixth rib to costal margin 

Urine: cloudy, brown, 1.018, acid, faint trace of albumin, mu bile, f 
hyaline and granular casts 

Blood: hemoglobin 87 per cent.; leukocytes, 11,300, of which 88 per cent 


were polymorphonuclears; 3 per cent. small, and 4 per cent. large lymphocytes 
i 


4 per cent. eosinophils; 1 per cent. basophils. 
Jaundice increased, as did the emaciation. Patient developed consti 


and anorexia. 


12. Ewing: Proc. New York Path. Soc., 1906, new series, vi, 168 
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Cytolytic examination of the fluid in the abdominal cavity showed many large 
mononuclear cells 
Vecropsy.—This was performed by Dr. Longceope nine hours after deat vhose 
notes are abstracted as follows: Liver measures 27 by 19 by 10 en veighs 
800 gm It is of a deep green color and presents a rough, irregular nailed 
ppearance. In several places on the surface the hobnails stand out, being bright 
green or pale yellow in color. These yellow nodules are scattered and not 
numerous On section the cut surface shows a coarse, bright green. irregular 
bulation Here and there the same grayish or pale yellow lobules take the 
lace of the green lobules Over one area about 5 cm. in diameter t ire 
several raised, very soit bright yellow rounded nodules showing sor entrally 
placed radiating red stria When cut they show soft pus-like centers in an 
rregular cavity. There are various openings in the cavity which can traced 
irectly into the main hepatic duct and when the puriform material is noved 
the wall of the cavity is found to be lined with a well-defined white membrane 
At some distance from the central mass there are small soft raised vellow masses 
vhich connect directly with the main cavity. When the portal vein is opened it 
s found to be filled with a tumor-like mass about 5 cm. across. This is situated 
it a point where the vein divides and completely occludes and distends it rhe 
mass is soft, friable, orange-yellow streaked with red and firmly adherent to the 
vall of the vein It extends for some distance down the branch running to the 
left lobe where it becomes soft and of the same nature as the tumors ng the 
bile-ducts and cavity in the liver. The same condition is seen in the 1 n portal 
ein, where the tumor gradually tapers down to a red clot which part lv fills 
the vessel and does not extend as far as the entrance of the splenic and superior 
mesenteric veins No connection can be found between the main brat s of 


the portal vein and the bile-ducts or the large softened areas in the liver 

Ihe other organs correspond in appearance with the gross anatomical diag 
noses: Atrophiec cirrhosis of liver; tumor arising at hilum and involving and 
cluding the portal vein and hepatic duct and its branches; splenic tumor 





iscites (2,600 ¢.c.); subserous hemorrhages of stomach, intestines ar pe ur 
lium; hemorrha from mucous membrane of colon; general icterus Ite ser 

purulent pericarditis; congestion and partial atelectasis of lungs; congestion nd 
jaundice of kidneys with chronic diffuse nephritis; chronic intestitial pancreatitis 


vith fat necrosis. 


Microscopically, several specimens of liver were examined, the notes making 





1 composite picture [he outer capsule is fibrosed and the perilobular fibrous 
tissue is overgrown and richly infiltrated with lymphocytes and a few leukocytes. 
[he blood-vessels are congested and several of the veins show neoplastic thrombi 
Che bile-ducts are enormously increased in number and appear both in inter ular 
ind intralobular position. When in intralobular positions they are accompanied 
by an overgrown connective tissue mass, quite free from elastica hes ucts 
often show terminal clubbing, the cells in the clubbed area being i t I 
morphology with liver cells but not containing bile pi s are 
irregular in outline and often much diminished in s ire! 
chyma show well-marked cloudy swelling and in t 
itrophi [The finer bile canaliculi are choked with amorphous dark g ! i 
pigment throughout Many extensive areas of necrosed liver cells are obs ed 
The tumor masses are scattered irregularly over the field and usually s is 
fairly well defined areas somewhat larger than a liver lobule made uy It larg 
irregular cells about the size of a liver cell and with identical tinctori 
ters The protoplasm in many shows fine vacuoles similar to the fat vac es of 
liver cells Mitotic figures are not frequent ar nuclear fragmentat s con 
mon These areas show central necrosis and often e infiltrated rat ! 
vith polymorphonuclear leukocytes. Extension into the veins is fairl mmon, 
most cases the vessels being completely occluded and slightly disten vy the 
solid tumor masses In no place where the tumor is definitely malig t can 
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the smaller nerve-trunks is observed but is not extensive This is a feature that 


has been described as being prominent in a case reported by Conti.* No connection 


can be observed at any point between liver tissue and tumor or the proliferated 
bile-ducts and tumor rhe growth in the portal vein is like the main tun 
mass [he cells are attached to the wall of the vein, which latter is partly 
distende 

Other organs were examined microscopically, the diagnosis including: Car 


cinoma solidum, atrophic cirrhosis, necrosis, neoplastic thrombosis of liver 
hemorrhages in pericardium, duodenum and gall-bladder; chronic interstitial 


creatitis with fat necrosis. 


To summarize, this case is one occurring in a man 34 years of ag¢ 
Clinica he has a history of alcoholism, shows emaciation, icterus and 
ascites Pathologically the liver tumor appeared as if it might hav 
started from the larger bile-ducts, but histologically it is a cancer whos« 
cells so closely resemble those of the liver that they must be responsib 
for its cin. There is cirrhosis and venous thrombosis but no eviden 
of metastases outside the liver. 

CASE 8.—History.—D. I., a Russian boy, aged 8, was a patient in the Penr 
sylvania Hospital (1,295), on the service of Dr. Mitchell The specimens and 
records were furnished me by Dr. Longeope. A brief abstract of the clinic 
history follows: Chief complaint, abdominal pain. Patient’s mother says the 
boy has been sick about a week but was taken acutely ill about two nights beforé 
admission with severe abdominal pain accompanied by vomiting and pain on the 
right side. He had also been having a cough with yellowish thick expectoration 
headache, pain all over, fever for two days, loose stools, no chills, no convulsions 

Physical Examination.—Fairly well-nourished boy; tongue heavily coated 
Lymph-nodes not palpable. Lungs show a few scattered bronchial rales. Heart 
rapid, pulse weak, fairly loud systolic murmur heard best at apex. Abdomen 


distinctly tender in lower right quadrant, slightly rigid; no mass palpable 
Extremities are negative. Examination of blood in receiving ward shows 35,000 
leukocytes. 

Operation was performed on admission after which the patient grew steadily 
weaker and died. Urine, after ether, acid, 1.010, trace of albumin, many granular 
and hyaline casts, epithelial cells, leukocytes. 

Vecropsy.—This was limited to the abdomen and was performed by Dr. Draper 
whose notes are abstracted as follows: Liver, about normal in size, measures 
18 by 12 by 6 em.; is filled with nodular masses of varying sizes, the largest 
being half the size of a lemon. The capsule of the organ is smooth and glistening 
Surface only slightly irregular. The color of the organ is purplish brown mot 
tled with pale yellowish areas where the large masses shine through; these repr 
sent the sections of tumor masses. The liver tissue itself exists as narrow strand 
like masses between the tumors. It is pale purple in color mottled with yellow 
The markings are not recognizable. The tumors themselves are yellow, sharply 
defined and firmer than the liver tissue. They have a tendency to bulge abov 
the cut surface. 

The other viscera show congestion and there is splenic tumor and follicular 
hyperplasia. The gross diagnosis of the liver was multiple adenoma 

Microscopically several sections of the liver were studied. The outer capsu 
of the liver is moderately overgrown and the perilobular connective tissue als 
shows well-marked fibrosis. The blood-vessels are moderately congested ar 
there is extensive neoplastic thrombosis of the perilobular veins Increase in t} 
number of bile-ducts between the acini is noted but is not very marked The 
peripheral cells of the lobules show marked cloudy swelling; maz f the centra 
The 


*>nuciear changes 


cells show well-marked vacuolation from the presence of fat 
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in the parenchyma are notable, there being enlargement and increase in the num 
ber of nucleoli in the peripheral cells, and diminution in size, fading and per- 
ipheral grouping of the chromatin in many of the central cells. The central vein 
is moderately congested. The larger tumor masses are surrounded by fairly 
dense connective tissue masses free from smooth muscle and very poorly supplied 
with elastica. The masses are solid peripherally and necrotic centrally, but show 
no areas of hemorrhage. The cells are large and irregular in outline, grouped in 
masses without fibrillar tissue. The protoplasm is often the seat of very well 
marked vacuolation and a few multinucleated large protoplasmic masses are 
found. Mitotic figures are fairly numerous. The mass is not limited by its 
fibrous tissue capsule but pushes out in all directions, through veins and lymph- 
spaces, through perilobular and intralobular tissues. In the last situation fine 
cords of tumor cells are found in continuity with liver chains but no transitional 
connection is seen. The extension in the veins is well demonstrated with the 
Mallory connective tissue stain and by the Weigert elastica stain. There are also 
finger-like tumor masses running through the interlobular con 


numerous solid 
nective tissues in well defined spaces free from muscle and blood which evidently 
are lymph-spaces 

Slides from other tissues were examined and the histological diagnosis 
includes: Carcinoma solidum, fatty degeneration, passive congestion, carcino- 
matous thrombosis of liver; congestion and cloudy swelling of kidneys; general 
lymphatic hyperplasia; slight post-mortem degeneration of adrenals. 
lo summarize, this case is one of primary carcinoma of the liver in 


1 boy 8 years of age. Clinically there were indefinite gastro-intestinal 





symptoms, pain and tenderness over the liver, leukocytosis, absence of 


icterus and ascites. Pathologically the tumor is a carcinoma solidum, 
grossly of the type often called “multiple adenoma” associated with neo- 
plastic thrombosis of veins but without metastases other than local, unless 


there were metastases in the unexamined lungs. 


CASE 9.—History—C. B., an Italian man, aged 40 years, was a patient in 
the Pennsylvania Hospital (304). The specimens and records were furnished me 
by Dr. Longeope. The patient was admitted in October, 1902, and his clinical his 
tory is abstracted as follows: Patient had severe attacks of chills and fever for 
eight days in the previous July and again in August two weeks later, when he 
became intensely jaundiced which continued up to the time of admission. Dur 
ng the past four weeks patient has had a dull aching in the hepatic region about 
the costal margin; no vomiting; stools clay-colored. 

Examination.—On admission patient was intensely jaundiced. Liver extended 
5 or 6 fingers’ breadths below the costal margin, felt hard, smooth and regular. 
Gall-bladder was not palpable, the entire hepatic area vague in outline and patient 
had a constant dragging pain, relieved by lying on the right side 


Pain in hepatic area increased during the patient’s stay in hospital. Gall 
bladder was drained September 29, but patient died October 3. 

Vecropsy.—This was performed by Dr. Flexner, four hours after death. His 
notes at the time are abstracted as follows: Liver weighs 2,400 gm.; measures 


21 by 21 by 13 em. It is fairly large, and of exceedingly firm consistence; it is 
of a brilliant green color, mottled finely with irregular yellow and black markings. 
rhe surface is slightly irregular but not lobulated and smooth with the exception 
of a few fresh adhesions to the gall-bladder region. Near the lower margin of 
the right lobe there is a yellow depressed scar, irregular, but in general about 3 
by 2 em. in diameter. It lies about 1 cm. below the general surface and the 
margins are composed of liver tissue, rounded and contracted down to it. Six 
more such yellow depressed scars are found over the surface, varying from 0.5 


to 2 em. in diameter. 
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The gall-bladder is distended and shows a quantity of reddish, semi-liquid 
blood clot. The common bile-duct shows a most marked distention, measuring 
4 em. in diameter and 10 ecm. in length; about it are several flattened soft large 
lymph-nodes; there is no constriction of the duct whatever. The distention of the 
duct extends into the liver and when the clots are removed a grumous fluid mixed 
with pus pours from the duct within the liver when the organ is pressed. 

On section through the liver the surface has the same mottled grass-green and 
yellow aspect as the capsule. Lobular markings are obliterated. Near the hilum 
the bile-ducts are enormously distended and filled with dark grumous material 
and pus. In the middle of the right lobe a yellow irregular, opaque area is cut 
through similar to those on the surface, and in the left lobe another such area 
is found. Small yellow opaque discrete extensions radiate toward the surface of 
the liver, but toward the hilum these areas are covered with soft reddish-green 
necrotic mass. Connective tissue is much increased in the hilum and extends 
into the vessels and into the lobules of the organ. 

Autopsy showed a small amount of fluid in the abdominal cavity and the 
various viscera corresponded in description with the gross anatomical diagnosis: 
Cirrhosis of liver with multiple adenomata; acute hemorrhagic cholangeitis; dis 
tention of common bile-duct but no cholecystitis; acute bronchopneumonia; 
chronic interstitial splenitis; chronic diffuse nephritis; general icterus 

The microscopical picture offered is a composite of several slides. The outer 
capsule is of about normal thickness and the perilobular fibrous tissue is consi 


erably overgrown. The blood-vessels show well-marked congestion and several 
are distended by neoplastic thrombi, which will be described later. The inter- 
lobular bile-ducts are markedly increased in number, irregular in outline, often 
appearing as solid cords and with connective tissue appear to be replacing liver 


parenchyma. ‘The liver cells show advanced cloudy swelling and toward the 
central vein distinct atrophy. The vein is moderately congested. All the sections 


show small necrotic areas, less extensive than a lobule, irregularly placed, sharply 
outlined and containing compound granule cells whose nuclei have disappeared, 
evidently necrotic liver-cells. Hemosiderin pigmentation and bile pigmentation 
of the liver cells are observed, the former especially in the neighborhood of the 
necrotic areas. In one slide an area 5 mm. in diameter is made up almost entirely 
of irregularly arranged fibrous tissue, rich in fibrille and poor in nuclei. An 
interesting feature of this mass is that, with the Weigert elastica stain, it is 
almost black. About its margin the number of small bile-ducts is very great. 
Several fairly large bile-ducts are included in the sections and these are filled 
with blood and the blood apparently has extended into the smaller ducts, for in 
the immediate neighborhood several small ducts whose morphology is typically 
that of the “proliferated” ducts there is also much blood. The tumor itself is 
of the solid type, showing as masses of epithelial cells irregularly grouped together 
in fairly large clumps surrounded by a connective tissue mass but distinctly infil 
trating it. The cells vary from columnar and cuboidal cells to large irregular 
cells, and in some places large multinucleated protoplasmic masses are found. 
rhe cell nuclei are large, vesicular and generally oval in shape, and numerous 
mitoses are found. No connection with preexisting liver tissue is found. Several 
large veins are included in the sections. With the special stains they show a 
small amount of smooth muscle and several bands of elastica. They are almost 
filled with a thrombotic mass, which toward the vessel wall is solidly made up of 
cells like those found in the tumor masses, but which centrally becomes more and 
more mixed with clotted blood. The lumina are small but not completely 
occluded in any case. In spite of this extensive thrombosis no metastases were 
observed other than those seen in the liver itself. 

Sections of other tissues were studied and the histologic diagnoses are: Chronic 
interstitial splenitis; chronic diffuse nephritis; carcinoma solidum, cirrhosis and 


focal necrosis of liver. 


To summarize, this case appeared in a man, aged 40 years. Clinically 


? 
} 


he case was of short duration, showed icterus, slight ascites and pain 


+ 
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way of the portal vein and showing the power of bile-production. This 


is a tumor with functional powers simulating the function of the cells 
from which it originated 

Such classifications, however, can only serve to confuse a subject 
already complex and neither the malignant adenoma nor the multipl 
adenoma differ from the ordinary forms of liver cancers sufficiently to 
justify the separate classification. This point of view is taken by th 
majority of modern writers and my study of the subject leads me t 
accept it without further qualification. For this reason Cases 8 and 
have been included in this series. 

The accompanying table is modelled after Eggel’s table and 


modified. The cases are not sufficient in number to permit far-reaching 


ARCINOMA OF THE LIVER a ae Poe : ; 7 
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f the patient is altogether in li 
cases which have appeared in rather early life. Philipp?* states that 
cancers of the digestive tract, including liver and pancreas, contribu 
16 per cent. of all cancers occurring before the age of 15 years. In 
Eggel’s statistics there were but five cases occurring before 20 years 
re. Cade,** Petrone,** Risicato,** Majumdar,** Mattirolo,** Weg 
22. Philipp: Ztschr. f. Krebsforsch., 1907, v, 236 
3. Cade: Lyon Méd., 1906, evii, 1053. 

4. Petrone: Pédiatrie prat., 1907, v, 109. 

5. Risicato: Pediatria, Naples, 1905, series 2, iii, 772 

6. Majumdar: Indian Med. Gaz., 1905, xl, 306 

7. Mattirolo: Gaz. d. osp., 1905, xxvi, 732. 

8. Wegelin: Virchows Arch. f. path. Anat., etc., 1905, clxxix, 95 
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have reported cases in early life and it would appear that, as the study of 
carcinoma in early life is prosecuted further, cancers of the liver will be 
found to be of somewhat greater frequency than is supposed at the 
present time. 

Little need be said as to sex, for the predominance of this affection in 
the male sex is well shown in the table (seven out of nine cases) and 
similar proportions are recorded by all modern writers. 

The microscopic character of the tumor is found to be adenomatous 
in five cases and simple or solid in four cases. Various writers disagree 
as to which form predominates and Eggel’s statistics show the reversed 
proportion, sixty-two cases of carcinoma solidum and fifty-five cases of 


carcinoma adenomatosum. That statistics might be very much preju- 


¢ 


diced is well shown by the fact that all my own cases were of the type of 
adenocarcinoma and of the five cases furnished me by Dr. Longcope four 
were of the solid type. Grossly eight of the nine cases are nodular can- 
cers, the other being a massive type. The predominance of the nodular 
form is more marked in my series than in series of greater number, and 
al] statistics point to this as the most frequent form. The diffuse cance 
is one which resembles a hypertrophic cirrhosis so closely in the gross 
that it is often impossible to make the diagnosis without the microscope.” 
It is a rather rare form, constituting about 12.4 per cent. of the reported 
cases, 

The cells from which the tumor originated have been put in the table 
with some mental reservation, for, although some authors have reported 
seeing transformations directly from liver-cells into cancer, and from 
bile-ducts into cancer a detailed study of these nine cases fails to convince 
me that such transformation can be demonstrated. A very close resem- 
blance can be seen between the tumor-cells in some of the cases and liver 
cells as is true also of the duct epithelium and the tumor-cells; but inas- 
much as transformation of the morphology of the cells can be seen very 
distinctly in the small bile-ducts in cirrhosis of the liver and in regenera- 
tion after acute processes such as acute yellow atrophy,*® it would seem 
reasonable to suppose that such transformation can occur in neoplastic 
processes, thus interfering with deductions drawn on a purely morpho- 
logical basis. 

The question of the association of cirrhosis and cancer of the liver is 
a living one and is the basis for a wide range of discussion and opinion. 
It will be noticed that all nine cases show more or less marked cirrhosis. 
Of Eggel’s cases cirrhosis was mentioned clinically in connection with 
eighty-two and found present at autopsy in seventy, the proportion being 
about the same in the two microscopic forms. 


29. Herzheimer: Centralbl. f. allg. Path. u. path. Anat., 1906, xvii, 724. 


30. Mae Callum: Johns Hopkins Hosp. Rep., 1902, x, 375. Barbacci: Beitr. z 
path. Anat. u. z. allg. Path., 1901, xxx, 49. 
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Two essential views are held as to this relationship, the first being 
that the two are present in the livers simply as the result of coincidence, 
Frohmann™ taking this stand. It is true that relatively few cases of 
cirrhosis of the liver show cancer, yet they show cancer-like changes in 
the increased number of ducts and the isolated islands of irregularly 
arranged liver-cells, sometimes, in my experience, to such a degree as to 
render the final diagnosis very difficult. Rolleston** goes so far as to say 
that mistakes of this sort have been made in many cases. In spite of 
this, the very marked frequence of their concurrence, and the fact that 
secondary cancers are not very commonly associated would lead me to 
reject such a view. 

By those who believe that the two conditions are more or less inte! 
related, several views are expressed. Gilbert and Claude** with some 
others assert that the cancer is the primary process and produces the 
cirrhosis, probably by producing stagnation of the bile or by the direct 
action on the connective tissue of the toxic products of the cancer itself. 
Bile-stagnation, however, although common, does not appear in all cases 
and, as has been mentioned before, the occurrence of secondary cancers 
frequently is unassociated with cirrhosis. The weight of opinion is 
decidedly against this view. 

Many claim that the cirrhosis precedes the cancer and is etiological] 
at the basis of the malignant growth. To appreciate this view it is neces 
sary to accept the view that cirrhosis is secondary in itself to some injury 
to liver substance and that the fibrosis occurs as a replacement process. 
Clinical and experimental observation point this way so strongly that the 
assumption seems fully warranted. Following out this idea leads us fai 
afield into the study of liver regeneration, a study probably first under 
taken from the experimental side by von Podwyssowski.** He found that 
in different animals the removal of fairly large pieces of liver were fol- 
lowed by proliferative changes in the connective tissue and epithelium, 
the latter in some animals being more marked in the finer bile ducts and 
in other animals in the liver cells. Ponfick®*® reached somewhat similar 
conclusions. Of the more recent experiments those of Jaeger,** studying 
aspergillus mycosis in deer, led him to express the same view. Many 
workers in human pathology are of the opinion that bile-duct prolifer- 
ation or multiplication of the hepatic cells occurs as the sole means of 
regeneration but personal observation of several hundred degenerate liv- 
ers, including many cases of cirrhosis, leads me to accept the view that 
both liver cells and bile-ducts play a part in liver regeneration and that 





31. Frohmann: Inaug. Diss., Kinigsberg, 1892. 

32. Rolleston: Tr. Path. Soc., London, 1901, lii, 203. 

33. Gilbert and Claude: Arch. gén. de méd., 1895, elxxv, 513. 

34. Podwyssowski: Beitr. z. path. Anat. u. z. allg. Path., 1886, i, 259. 
35. Ponfick: Virchows Arch. f. path. Anat., 1895, exxxviii, 51. 

36. Jaeger: Virchows Arch. f. path. Anat., 1909, exevii, 45. 
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the connective tissue overgrowth is essentially a substitution process 


This view is sup] yrted by Mac Callum** and others who have made exten- 
sive studies in this field. The multiplication of liver-cells according t 


my own observation is almost certainly by amitotic division, but I am not 


prepared to state the mode of division into the multiplication of the bile 


duct epitheliun 
That diffuse or more or less localized destruction of the liver paren 


chyma may lead to very marked proliferation of both interstitial and 


been referred to earlier. In order to apply 


narenchv! latous elements has 
this fact to cancer production it is necessary to call on Orth’s view, 


+ 


ithelial proliferation overshoots 





expressed in his “Lehrbuch,” that the ey 
the mark and produces malignant change. That necrosis or other degen 
hange might have played a part is suggested, but not proved by 


erative ¢ ig 
fact that in my series four cases showed it extensivel 
1, probably the result of ar 


earlier focalized lesion. 

The frequent proliferation of bile-ducts is called on to support th 
view that cirrhosis is primary, but I cannot accept this because I find it 
present equally in the cases of liver-cell cancer as well as in the adeno- 
carcinomata, and in no case was I able to find connection between the 
proliferated bile-ducts and the cancer. This phase of the subject will b 
referred to later. 
in this connection suggests the ingenious explanation that 


Fraser** 
there is present in the first place a hypertrophy of the connective tissue 
which first is loose, later shrinks irregularly and causes on the one hand 


I I avel M4 


a destruction of parenchyma, on the other hand compensatory prolifera- 
tion, particularly in the parts not shrunken or in such places as there is 
little resistance to overcome. The balance of proof certainly lies wit 


Fraser, as this supposition is in marked contrast to the generally accepted 
ideas as to the pathogenesis of cirrhosis. 

A third view as to the relation of cirrhosis and cancer is that a pro- 
ductive or organogenic irritant produces proliferation of connective tis 
sue, bile-ducts and liver parenchyma. This view is ably supported b 
Jaeger®* in his work on deers’ livers. There are many considerations 


which force me to regard this view favorably and numerous writers ta 


n, but again we are carried too far afield to warrant dis 


the same positio 


The presence of tumor thrombosis is of very great interest in explair 
ing metastasis, ascites and splenic tumor. That metastasis is not mo 
frequent in connection with thrombosis is probably due to the rapid 

87. Mac Callum, W. G Regenerative Changes in Cirrhosis of the Liver, Jour 


4m. Med. Assn., 1904, xlili, 649 
38. Fraser: Vircl s Arch. f. pat Anat., 1901, elxv, 540 
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Metastasis in the liver is a common lIeature, as can be readily 


explained by the rich blood-supply an 


course 


in the lung, although my series of cases does 


mation as to this point. This featur 


it 
ses where no extrahepatic metastas 
? 


een stated above, this can be due to 


the fact that necrosis is very infrequent in 


] 


The duration of the disease is sho 


out by all the statisticians. Two of 1 


een ill but a week. Naturally s 


the notable inaccuracies of hist 


tients seen in the hospitals from 


i 


e 


the rich venous thrombosis which occu 
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rrowth of the cancer and in few of these cases was there necro 


i, a feature which means little probability of embolism. 


the numerous lymph-vessels which 


| 


these tumors. In spite of this fact, fairly rich thron bosis is found 


through the trabecule. Extrahepatic metastases are most common 
not give very much infor- 


however, is almost certainly du 

urs in connection with so many 

n 

are recorded whatever, and as has 

he rapid growth of the tumor and 
the thr 


cannot be accepted as final becaus 
- 
ries. particularly im the class 


theless that liver cancers run a cours¢ 


ther viscera 18 a well-supported fac 


ct that the toxic products of the 


e circulation, as can be inferred fr 


(cain. metabolic and digestive functi 


mportance and the fact that the tum 
by virtue of the intercommunicating 


T 


m the frequent venous t! 


h these cases were taken. Never- 


more rapid than cancers of n 
and is explained probably by 


} } 
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to very rapid interference with these functions. 


As to the history of the use of dru; 


ve included coffee and opium and 


y accepted as causes of irrhosis, 1 


n its production. This point being accepted, ill our cases 


eption of the two children and the last case show a 


ine ludes some etiologi factor In the 


should be regarded with consideral 


t 


production of cirr 


f 


uestion as to whether cirrhosis or cal 


Jaundice was present 1n seven 01 


61 per cent. of his cases. The histolog 


tically in the presence or absence of 


tion is less frequent in the massive 


ry) 1 


Jaundice can be explained in various \ 


cancer have unusually ready access 


ti 


iromboses. 
ns of the liver are of extrem 
liver 


Jlood and Ilvmph-spaces would lead 


obacco. which although not gener- 


with 


interest in connection with 


1wcer is primary 


st certainly play an important p 


nine cases and Eggel found it 


irt 
the 


, 
f 
, 


ing that the intrahepatic masses act t bstruct the outfl of ‘ 

Case 1 there was little doubt at the time of the autopsy that involved 
lymph-nodes in the hilum of the liver produced pressure on the hepati 
duct and it is easilv conceivable that such pressure might be sufficient t 
play an important part in the production « erus. 7 same is 
tr of Case 5. Furthermore, the cachexia t t ! : 
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well as to other forms of cancer may be of moment in that the production 
of a cachectic anemia may lead to consequent hematogenous jaundice. 
Metabolic disturbances may add to this and there can be little doubt that 
the toxic products of altered metabolism may produce the so-called toxi 
jaundice. 

Ascites was present in seven of my cases but not in precisely the same 
group which showed icterus. Eggel found it in 58.5 per cent. about 
equally divided between the massive and nodular forms and most fre- 
quent in the diffuse (hypertrophic cirrhotic) form. Curiously, it is more 
frequent in those cancers which show the liver-cell type histologically 
than in those of the gall-duct type. Although toxic factors and the pres- 
ence of anemia may play some part in the production of ascites yet the 
most probable causes, I think, are the associated atrophic cirrhosis and 
the frequent venous thrombosis of neoplastic and other origin. 

Edema of the lower extremities was present in four of my cases and 
probably in a fifth case. Eggel found it in 41 per cent. of his cases. In 
the majority of cases the edema must be laid to the anemia and toxemia 
but in a few it can be accounted for by the pressure of metastases, par- 
ticularly those invading the lymph-nodes of the hilum, on the vena cava. 
Neoplastic or other forms of thrombosis in the vena cava have been 
known to produce edema in cases of cancer of the liver. 

Splenic tumor is an inconstant feature in the larger series of cases 
but in my series it is seen to occur in six cases. The diagnosis in these 
cases is made from the point of view of the gross morbid anatomist and 
whether or not the clinician could demonstrate the condition in all these 
eases is, I think, questionable. It may be that toxic factors play a consid- 
erable part in the splenic enlargement and there can be little doubt that 


the general abdominal stasis is of great etiologic importance. 


SUMMARY 


‘To summarize, it may be said from the studies presented in conjunc- 
tion with the literature reviewed, that primary carcinoma of the liver 
occurs more frequently in men than in women, is seen most frequently 
in the fourth and fifth decades of life and very often is accompanied by 


a personal history in which some etiologica 


factor of cirrhosis of the liver 
is found. Clinically vague gastro-intestinal symptoms like those of early 
atrophic cirrhosis are noted and are followed by more marked digestive 


disturbance, cachexia and frequently jaundice. Ascites, edema of the 


lower extremities, splenic tumor and more rarely fever present themselves 

in a variable number of cases. The course of the disease is rapid. 
Pathologically the disease shows three gross anatomical forms, nodu- 

lar, massive, diffuse, and two microscopical forms, carcinoma solidum and 


carcinoma adenomatosum. In the liver itself cirrhosis is an associated 


1) 


condition in almost all cases, tumor thrombosis of the intrahepatic blood- 
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vessels is common and intrahepatic metastases are frequent. Extrahepati 
metastases are more common and more widely spread than usually is 
believed and their distribution, together with the frequent presence of 
tumor thrombosis of the intrahepatic blood-vessels, lead to the conclusion 
that the transmission of the condition to the other organs is largely 
through the blood vascular system. In my opinion cirrhosis of the liver, 
or the factors which commonly are believed to produce cirrhosis, play an 
important part in the etiology of primary carcinoma of the organ and the 
tumor may originate from either the essential hepatic cells or from the 
bile-duct epithelium. These tumors arising from the liver-cells are more 


11...) 


kely to be of the solid form and those from the bile-ducts are more like 


} 
Ix 


} 


to be of the glandular form, but this is not an invariable rule. 


1320 South Broad Street 








BOOK REVIEWS 


DISEASES OF THE HEART AND AorTA. By Arthur D. Hirschfelder, M.D., Associate 


in Medicine, Johns Hopkins University. With an Introductory Note by 
Lewellys F. Barker, M.D., Professor of Medicine, Johns Hopkins University 
Cloth. Price, 36 Pp. 632, with 329 illustrations. Philadelphia: J. B 
Lippincott Company, 1910. 

It is almost as agreeable, and indeed quite as stimulating, to find an old 


subject presented Ina new and Suggestive manner as to chance upon 1 new sul 
ject itself, and the former, as a rule, is far more apt to be quickly and widely 


received. The tremendous strides which have recently been made in assisting us 
: 


to understand the complicated mechanism of the cardiovascular apparatus, both 


in health and in disez 
regarding heart disease. Until the publication of this book most of the contribu 
tions which have brought about this somewhat different attitude of mind had 


se, have developed a new and much broader point of view 


not been incorporated in the older text-books on the heart or modern system 
irticles, nor have they exerted their full influence on them The great value of 


the present book is that the author treats the subject in a new way. The recent 


results of anatomical, physiological, pathological and clinical studies are com- 
bined in such a manner that the direct bearing which the scientific observation or 
experiment has on the bedside teaching is most judiciously and carefully pointed 
out, and the results of recent investigations are used to make clear the funda 
mental changes which take place in disease. 

The first part of the book is devoted to general considerations and methods 
of diagnosis, in which among others there are excellent chapters on the blood- 
pressure, the arterial and venous pulse and the electrocardiogram. In the second 
part “Diseased Conditions Due to Diffuse Pathological Processes” are discussed. 
In this section there are several chapters on cardiac overstrain, broken compensa 
tion and general symptoms of cardiac disease; excellent chapters on the general 
principles of treatment, the effect of drugs, gymnastics and hydrotherapy in 
cardiac diseases, and sections on the affections of the myocardium and the broad 
subject of arteriosclerosis with its results. 


In the third part, the diseases of the various heart valves are treated sey 
irately, and chapters are devoted to heart block and Adams-Stokes syndrome, 
pericarditis, wounds of the heart and aneurysm. Finally, the book closes with 
chapters on “Functional Diseases Without Anatomical Lesions.” Each chapter is 
introduced with a thorough discussion of the pathological physiology of the 
subject. As is inevitable in a book that deals with a subject to which knowledge 


is still being added, one finds statements which by this time would undoubtedly 
be modified by the author. The paragraphs on perpetual irregularity of the 
heart were evidently written before the recent work had shown conclusively that 
this condition was due in most cases to fibrillation and not paralysis of the 
auricles. So, too, in the section on arteriosclerosis, the author’s views as to the 
etiology and classification of the diseases of the blood vessels are in places not 
as definite as one might wish, especially as regards the syphilitic type of 
mesarteritis. One very excellent feature is the great number of illustrations and 
diagrams which help immensely to present complicated problems in an objective 
manner. Most of these, too, are original and afford a great relief from the 
hackneyed cuts so common in most text-books. A selected bibliography is 
appended to each chapter. The monograph can be highly recommended to both 
students and practitioners, and whoever reads it will be sure to experience 
pleasure and gain much information. 
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\ TREATISE ON DIAGNOSTIC METHODS OF EXAMINATION By Dr. Hermann Sahli 
Director of the Medical Clini niversity of Ber: Edited, with Additions 
by Nathaniel Bowditch Potter, M.D., Assistant Professor of Clinical Medicine 

at Columbia University (College of Physicians and Surgeons New York 

Second Edition Authorized Translation from the Fifth Revised and Enlarged 














German Edition. Cloth Price, $6.50 net Pp. 1229, with 471 illustrations 
> Philadelphia: W. B. Saunders Company, 1911 
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1 INTRODUCTION 


@ SIN nine cases used as the basis of this report in de all cases 
‘ ! } a agnosed as exophthalm goiter at | IKeS ( H I | tal fre 
Se} 7. 1907. to Sept ;. 1910. from wl sufficient thvro and tiss 
was obtained for anatomical studies and for iodin detern ons 
The principal data appertaining to each case ha ven tabulated as 
riefly as possible (Table 3) It wi e not | it spe stres S 
on the objective phenomena obtain ring t tients sta n t 
spital. This was done (1) because we ha : no a te standare 
of estimating the importance of subject sensations this disease 
thor } are doubtless of great importar ! I ( and ment 
diseases, al (2) because our ! est es . neerned wit! 
th siologica if the t to t ptom-compl 
2, PATHOLOGICAL ANATOM) 
. o t atholo nat M 
conte present wit taloging t noe varlon 
ssues of the b n the order of t consta! nence. TI 
nts to des ne e str ilterations { s whi 
biologi i r owed with the greatest 1 a t 
t ind must necessarily leave wi tr t ! be of t 
greatest sign n tissues whose powers ect IManitestatior 
if reaction are st limited. Thus ( ni ve stated that, | se 1 
true } el nges n ti rail } ~ ! t ~ 0 ‘ 
nphoid ort roid tissues. t oO t! i! es ! tance 
The morbid anator comprises chang mal ans. Indeed a 
ody tissues mav be affect is might be expected 1 disea 
\ ech nutrition is so gravely impaired It is l nt of the atte t 
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t anaton changes Of certain tissues (formeriv the 1 
tiss the thyroid gland) to the réles of primary factors that cor 
flicting theses and controversies have arisen. 

Wi not justified in ascribing a greater or lesser degree of in 
tar anatomical changes than the experimental data of mor 
plivs 0 nd of morbid chemistry make possible, for, in this diseas 
W . ably a general nutritional dist vance, it is bv these n 
that irv or causal alterations can be separated from the s¢ l il 
r res te ns 


ind sy ‘ Others hold that the thvroid « anges are neither constant 
n ST -_ e still others believe that thes changes are relatiy 
cons no sense specific. These differences of opinion have arise1 
o t fact that (1) many writers have used verv small ser 
f cases as the basis of their conclusions, and (2) that great differenc: 
( I end ng on whether the districts in which the cases aris¢ 
goit : or not. Thus, in the cases arising in non-goitrous districts 
sing naton | tvpe of goiter (the small, generally symmetrical gla 
of { to 150 om. weight with uniform generalized fibrosis and act 


I. THyrorp GLAND 
different views are held concerning the character 


es, There are those who hold that the chang are const 


isia) predominates, while in cases arising in goitrous districts, 


\'pine districts of Austria, Italv. Switzerland and France or in 


‘reat Lakes Basin of America, a great varietv of changes are met 


wit e. g.. nodular (adenomatous) goiters, large. hemorrhagic-cvst 
goiters with extensive degenerative changes and large, simple colloi 
g s, as well as the first form mentioned 

\\ discarded tour cases ot clinical! diagnosed exophthaln 
voit the anatomical changes in the thvroid were varied a1 
lig icated, in order to simplify the detection and interpretatior 
0 mn of the idoin content to the stological structure and 
inv n both of the iodin content and histological structure to t 
d st = i whol 


thvroid 


We 
goitel 
1003 


relatic 


Recent! 


reports 


cretins 
parata 
in eith 
in tl 


Our studies have led us to the conclusion that the thvroid and pa 


inds are independent structures both anatomically and physiologically 


ave examined the parathyroids from nineteen patients with exophthalmi 


with findings similar to those reported by MacCallum, Med. News, N. \ 
820, viz That there is no anatomical or physiological evidence of an 
n between the parathyroid and the exophthal mic goiter symptom complex 


Roussy and Clunet (Compt. rend. Soc. de biol., 1910, Ixviii, 818) hav 


d examinations of the thyroid-parathyroid apparatus in two congenita 
lied at the ages of 25 and 28 years They found that the lowe 


vroids were normal in both patients while the upper pair was not detecte 


absent 


rhe thyroid lobes were extremely atrophic in one patient ar 
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The thyroids of the sixty-nine cases used in this 
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grouped as follows: (1) Normal thyroids (i. e., as 


ance, histological structure and 
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glands in which one could not de 
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gvards gross 


two cases. (la) 


appearance, their histological structure or their iodin content 


they had or had not at some previous time undergon 


normal or the colloid gland to extreme cellular proli 


three cases, (2) Actively hyperplastic thvroids 
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the degrees of active hyperplasia from the slightest 


}] 


occurring on a colloid or a normal thvroid basis) 


(2a) Premature atrophy supervening in active hyp 


(included under hyperplasias). (3) Colloid goiters 


teen cases. (4) Fetal or simple adenomata (pur 
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f the nine* great divisions of the thyroid changes ar 
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tivity of the gland with which structural changes 
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out their sequential relations and to render the fe 
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easily unde stood : 


l. Normal thvroids. 
2. Hyperplasias: 
I. Primary, i. e. developing on a normal glan 
\. Developmental stag: 
B. Involuntary stage 
Lie Atrophie stage 
Il. Secondary, i. e. developing on a colloid gland 
\. Developmental stage 
B. Involutional stage 
( Atrophie stage 
3. Colloid glands 
$+. Adenomata 
I. Simple 
Il. Fetal. 


5. Old complicated goiters 
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represented. 
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have grouped these changes in the following scheme in ordet 
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ive anatomical groups embrace all the known variations in the fun 


ave been ASSO 


1, NORMAL GLANDS AND NORMALCOLLOID GLANDS (SEE FIG 
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most rigid standards) an 


(ordinarily called normal) mav be questioned. sinc 
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ases are not unique, however. 
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s: either (1) thyroid hyperplasia was prevented b 
lin content (a well-established fact for animals) 
not true exophthalmic goiter but some clos« 
n-complex, as neurasthenia or psychasthenia. F 
natomically normal gland have already apnea 
d ere f 
TIVE HYPERPLASIAS NER PIG 
Ss sor degree of active t roid hyperplasia - 
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been discussed in previous papers, it is necess 
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owing to its spontaneous exacerbations and 1 
itment instituted, a progressive active hyperpla 
allowed to continue its course undisturbed for a 
conditions the active vperplasia ceases and 


it may partial colloid state, 
again, or the involution may be complete, 


ns to the pure colloid or resting stage. 
permanent, depending on thi 


increased or d 


for thvroid activity. 


all 


s involution, « 


spontaneous 
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aecrei 


ir return to 


yphthaimn 
goiters (and ina ther goiters as well) and invariably occurs following 
uiministration o odin-containing substances. It becomes obvious 
eretore, that anv given eland at the time of removal mav be undergoing 
the progressi\ (activel hyperplastic ) r regressive (involution ’ 
inges 
One must ckon with all degrees of this regressive or involutionat 
mae rom the mal! ed hve rplas 1 ba ti he pure co loid eland just 
s one has reckon with all degrees of the progressive (actively hyper- 
stic) chang the normal or colloid gland up to marked hype 
aslas The anatomical changes are, therefore, just the reverse of thos 
scribed under “developing hyperplasia” and are briefly as follows: The 
nd asa w le becomes firmer to the touch. The color changes from 
iv-red and opaque of the marked hyperplasias to gray-red and trans- 
ent, to reddish translucency and finally to the translucent amber-red 
or of the pure colloid gland. The blood-sup) diminishes. This is 
ited w 1 lessening of the caliber of both the arteries and veins 
to a thickening of the vessel-walls similar to that observed in t 
ting U . uterus Phe follicles vg idual hecome visible ft 
naked ey T ippear as enlarged, rounded cavities containi 
d—the tter at first but palely staining and granular, gradual! 
mes more I m, more dense, stains more intensely and fir 
es to resem) n all respects normal colloid As the colloid aceu 
' aie nar epithelium with its infoldings slowly returns t 
mnar, to cuboidal and finally to flat cuboidal the involution is 
ete, while t foldings take on n of 4 appearance fs 
8 stroma jutting into the follicular men and covered , 
ling type « licular epitheliun Even t stroma hecomes Jess 
nent either | compression or ~ t nd in the pure « ai 
rY \\ } 1 I T ns rmation \s } 4 s es pa 6 ' n ‘ 
— ning of the size of t gland as aw é This 
sa mal cs n of minor mportance 
ese regress hanges may be prolonged for months o1 = 
nN occur I ew weeks, depending on the degree of active ] on 
existing at the time the involutionary process was instituted and 
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THI 
escence the involuted ymus in exophthalmic g that 
terest was aroused. The more recent studies Hart 
nebe Hektoen, Capelle, Warthin, Kocher and others ( 
e constancy of the thymic hyperplasia in exophthalmi 
egree of hyperplasia present varies with the ag the 
duration and severity of the disease and most certail | 
nknown factors. Thus, in voung individuals the glan 
3 mposed of elastic, gravish-pink and opaque tissue, w 
ts there are usually accumulations of fat in the lobules, 
1 vellowish translucent appearance with patchy gravish areas | 
= Histologically, there are no distinctive features n 
is status lvmphaticus or myxedema or even the 1 
generation of the involuted thymus occurs is « 
on. In support of Marie’s view may be mentioned t 
it the thymus in a markedly involuted state persists throug 
1 (2) at the thymus hyperplasia seen In cases of exe 
ter developing after 40 years of age usually has 1 er 
nbers of Hassall’s corpuscles. This disproportion is p1 ) 
that Hassall’s corpuscles, being only the atrop stiges 
t ( I i ible o egvgeneratio 
> 
Il. SPLEEN 
t. I =: the rule | Ss enlargement Is 1n t 
asia ¢ Malpighian corpus les and the general red sclerosis 
s I the touch. Qn section the Malp ohian co iscles ; 
| enlarged The capsule and trabecule are thickened 
{ eno distinctive features by which t spi 
! may be separated from those seen in the sf 8 
Ill. LYMPH-GLANDS 
tissue increase is general. It i = hb yrmed 
s and small scattered nests lymphoevtes in t rame- 
s the thvroid, liver and kidney. In the cases 
ce goit t vell-marked active t d re sia 
«i in the thvroid stroma. These areas vat 
ns mphocvtes to larger areas with well-formed ger- 
! so vary with the degree of general lym] 
e Pe : tches and solitar es of the sm: ntes ‘ 
respe re enlarged. The tonsils are Ise 
I wths in the naso nx are commorl 
{ ! ympl licles appear né ul. oft 
+; 
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ng-standing cases there is usually a general Increase in the stroma wl! 
=: Warthin'? has pointed out may go on to connective tissue overgrowt 
atrophy and disappearance of the parenchyma cells t 
ecalled that the thvroid may undergo a similar sclerosis an trop 
j ¢ parenchyma cells in the late stages of compensatory hyperplasia | 
mphoid elements of the bone-marrow may be increased just as 
sionally oceurs in lymphatism 
Il]. THe Nervous System 
he lesions t s far reported are neither constant 1 sugges 
ny specific gross abnormality. In the brain sma ni wes and : 
softening are occasionally noticed. In the medulla, areas of softening 
nd punctate hemorrhages have also been found, but with no const 
occurrence or location. Atrophy and sclerosis of one or both rest 
rm bodies and of the solitary tract are likewise only occasionally pres 
In the cervical svmpathetic trunks atrophy of the ganglion cells 
r in all the cervical ganglia accompanied by fibrosis. pigmentatior 
small round cell-infiltration have been reported, but in a majority of the 
specimens examined, whether at autopsy or at operation, no lesions | 
be mad out, The lesions of the pr ripheral nervous system and the s} 
cord ean be ascribed to the general state of nutrition and thi ley 
; association with other diseases. The absence, however, of anv constar 
cross lesion does not preclude the probability that the central nervous 
system is profoundly affected, but suggests, as Gowers’® states, “that the 
rhid state of the nervous svstem is one of that finer « l_nutrition 1 
still baffles our means of investigation. 
IV. Heart 
Phe heart ertrophies vit ‘ level ent 
erplasia (goiter) in all animals thus far st d, ine] : 
¢, sheep, ox and man The cardiac hvpertrop n genet es t 
size of the hyperplastic thyroid The most ma doar 


cren ) | KIN the g trous etin pup as the most } ri 
] hal ' let f +] ; 
und that the whole muscula e of the heart Is rtre | 
ntr es appeal elativel more enlarged t n the < B 
I cles are ilso ¢ ilated. I] stologi | Tie l cele ~ 


I arged, while the superior cava and a ts communications 
thvroid are dilated and their walls hypertrophied. Cln 
sation is nearly constantly present in these pups and mi: < 
12. Warthin: In Osler and MeCrae’s Modern Medicine, 1908, 3 778 


13. Gowers: Diseases of the Nervous Syster Phila ISSS, p. 121] 
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ms) 
onized at s stance from the animal, thus showing the extent o 
, } , ; slar rificea £ tha Ner . ‘ 7—7 } » 
é : cel e auricular ¢ ce of the superior cava. le pulin 
nary artery is also enlarged. The pulmonary veins are not particular 
enlarges I 1 is enlarged as far as the left carotid branch, and it 
s not wu il tos e left carotid artery as lar is the aorta beyon: . 
t Ss Dram Bot ad trunks appear t terminate n the super 
thvre | rte! = al thie nternal carotids and the remaining brane : 
i thie t tf ni I = i} ear as Ire itlV = il] ranches of these Tri nN 
trunks ly y irge goiters the n enlarged arteries are there P| 
( t I l ‘ irte es f rave a0 ee] Dl LO oOllow the 
‘ ‘ ang if ~ te eS as the pe! sia nvo Tes ( ~ 
: ; . 
id r ¢ eESCel e and to note the grad ESSE ng ¢ the s 
these arté . develonment en terial t] ening wit 
ilcification (11 nd sheep particu ) int ite stages We ha 
s the simplest mat tation the so-called te! irt It resembles 
ill respects fT trop! = es ting ron \ ! there apre ~ 
he 1 o is different 
, 
n ! C | | ea \ inatomica ( inves ove des bed 
ogs ‘ ne-s ne hg ases I } = ne | ] lia?r 
‘ ( nges aff cting tT ilves the arteries — 
e mvo , ‘ nductivitv o mpulses often develoy \s 
ere al ! s concerning the significance of these lat ances 
t would ta | to consider then el 
} ; 
( at I ou iln e! size tT il n et noid states 
n the ver f the sin est material for t 
study of the ! i oiter heart t S stur s indi 
t! if t t ol! t I ul ly a WOTK V pe tro | { secondary al 
Su eo” ent ’ gy ty ‘ if iT ‘ y e enendent if ng 
nutritior 
V. SKELETAL Mess 
\. ‘ ittent mn to the rf era sturh: 
nm ntpitionr 5 S < n « seg | found in aes 
nut LIO ( } Isc le I ( ( ‘ ‘ oO 1 a ( 
tion W the the s and the : of normal striation 
} ; r f } } r Patt ‘ 
caeposits I ( ry which = ned to © Tatty me 
mort Osis s&s oress é muse ( aT Ihe ( ] ence 
ittv changes in the e-muscles was kr » von Recklinghausen at « 
Buscha! Pi nuscular weakness is often present in this diseas 
without correspor eduction In the ? scle bulk, and it is poss 
that the fatty 1 ; 9 m enme & . tod to +t} . — . 
| it i¢ 1LLY s Ss l ome f ed oT 2 ) nome} ‘ 
D . Arc f. klin. M 896, Ixi, 118 | 
: 
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and an increase in the lymphocytes and mononuclear leuko 
vtes. Van Lier finds in forty-five cases of true exophthalmic goitt 


that averages of from 8 to 10 per cent. of all white blood-cells are mon: 


nuclear leukocytes and that averages of from 35 to 45 per cent. of al 
white blood-cells are lvn phoevtes. Extremes of 16 per cent. of mono- 


nuclears and 57 per cent. of lymphocytes have been reported. We hav 
found that there is a close parallelism between the percentage of monon 
lear cells in the circulating blood and the extent of the active lymphoid 
ind thyroid hyperplasia. The blood examination is, therefore, the most 


accurate clinical means of judg ng the extent of active lymphoid hyper 


{ 
} 


plasia and, while in no sense specific for exophthalmic goiter. is a f 


index of the severity of the disease. 


8 RELATION OF IODIN CONTENT TO GLAND STRUCTURE 


} 


Che published observations concerning thyroid iodin in its relation t 


exophthalmie goiter have shown no uniformity. The causes of thes 
widelv different resi Its are the same as those whi caused the wid 
PARLI lopIn CONTENTS, NORMAL SeRIes 
\natomieca Ne lodin per gm. of Dried Thy1 I 
(,roups ot in me. 
Cases Extremes Mean Averag 
Normals and Normal-Colloids 5 Loo 1.54 1.92 
0.06 
Normal-early glandular hyperplasia l 0.77 
Normal-moderate marked glandular hype 5 0.81 0.38 0.51 
plasia 0.31 
Normal-marked glandular hyperplasia 1] 0.58 0.12 0.22 
o.oo 
rarte 2 lopin CONTENTS, COLLOID SERIES 
Anatomieal Ne lodin per em. of Dried Thyre 
Groups ot in mg 
Cases Extremes Mean Average 
Pure Colloids Is 4.61 2.24 2.24 
Loo : 
Colloid-early glandular hyperplasia ( 0.84 v.71 0.72 
0.61 
Colloid-early moderate glandular hyperplasia 3 0.92 0.77 0.67 
0.31 
Colloid-moderate glandular hyperplasia 3 0.82 0.55 0.58 
0.37 
Colloid-moderate marked glandular’ hyper 3 0.82 0.34 0.49 
plasia 0.52 


different conclusions concerning the anatomical changes. Todin varia 
tions are more quickly and more easily produced than structural vari 


ations. Both iodin content and gland structure are subject to rapid 


natural changes in all animals, and when in addition to these natural 


changes one has to consider the artificial variations from one cause and 


19. Van Lier: Beitr. z. klin. Chir., 1910, Ixix, 201 
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another to which human thyroids as a group, and exophthalmic goite 
t cids in particular, are subject, it becomes evident that no fundamenta 
or general conclusions can be drawn until one has collected a large series 
of iodin determinations, and at the same time has a general knowledg 
of the natural and experimentally induced variations in man and t 
lower animals. Then, by excluding all glands whose structural changes 
are so manifold as to be irreducible to some single type. it is possible t 
draw conclusiors concerning the relation of todin to s ture 

Lodin pen Normal Nermal < Nermat < Ner 2. 
gram of : end oni metenniien « nea 
Gvied glend Necmet < y aebad marked 
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( aul Nutt nD 
Sex, Age 
H-447 & Six months, 
P.W.S ilpita right lobe larger, 
Female se] Ss, 1910 firm, 
17 ve nourished 
H-409 Ne ! ren years, 
ss05 PWS N oo small, firm, 
b's le etrical, 
4 we nourished 
iH Palpitatior Twenty years, 
= Pw.s sept. S, 1 7 firm, 
Femal eymmetrical, 
31 well nourished 
H-406 G Sixteen years, 
778 PWS I v I small, tirm, 
Female Oct. 22, 1900 vVmmetrical, 
S well nourished 
os Nheumatism, pa Six months, 
6S P.W.S.| pitation ganik hard, small, 
Femal heart les symmetrical, 
20 Nov. 6, 1907 well nourished 
G Eight years, 
m6 PWS dot firm, 
Female pair symmetrical 
22 lan. 7. 1908 well nourished 
H-4i1 Goiter Four years, firm, 
4725 P.W.S nervousn symmetrical, 
Female Oct. 16, 1909 adenoids, 
20 well nourished 
H-445 Weakness, 18 mos. ago noticed 
187 1 S mental small symmetrical 
Mal deterioratior enlargement ; 
56 Sept. 8, 1910 firm, emaciated. 
11-204 G ‘ Eight years, firm, 
GS.s Jan. 5, 1908 large, 
Female emaciated, 
oo well nourished 
11-290 rus of Three years, 
606 PWS neck symmetrical, 
Female Aug. 17, 1909 firm, 

18 well nourished 
1-359 Goiter Seven months, 
P.W.S.| nervousness soft, small, 
Femalk |} Jan. 1909 symmetrical, 

32 | well nourished 
H-203 | Hoarsenes Ten years, 
i41 PWS goiter symmetrical, 
Female | Dee. 30, 1907 small, firm, 

24 well nourished 
Hi-419 Goiter Twenty years, 
4823 P.W.S nervousn right side larger, 
Femalk | Nov. 11, 1909 firm, 
37 | well nourished 
] 
| 
| 
H-236 Goiter, Four years, 
612 P.W.S nervousness symmetrical, 
Female April 6, 1908 firm, 
19 well nourished. 
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sweating + 5 
flushing 
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Ju 1908 
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11-408 a . 
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Female 0 1909 
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H-417 Goiter, 
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Js 
343 P.W.S One-sided 
Female | goiter 5 
30 i Oct. 21, 1907 
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Passing to the colloid series, the same stri 


have been pointed out for the normal series, \ 


; : 
slight extent increases with the degree of acti 





/ WMEDICINI 


pulse-rate before operation closely conforms with the average pulse-rate 


at discharge from the hospital and tl 
same type of curve 


Summing up the relation of tl 


thvroid hyperplasia both in the normal and « 


the normal! or colloid glands and of the most 


are so sligt st ir no suggestion of 


- == t 


the postoperative rise describes 


e pulse ra 
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yiloid series, it is seen tl 


if | t para el sm @XIsts, but the differences between the nulse-rates oT 


marked active hvperplasias 
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e or effect relation. This 
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Pulse Before After Operation At 
Rate 
er >; ° 
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I 8.—Colloid cases; average pulse-rates Plain line indicates colloi 
glands Line of dashes indicates colloid early glandular hyperplasia. Line of 
dashes and dots indicates colloid early moderate glandular hyperplasia Dott 
line indicates colloid moderate glandular hyperplasia Line of dashes and circles 
indicates colloid moderate marked glandular hyperplasia Line of long dashes 


indicates adenomata 


: the more striking on account of the wide 


held view that the thvro 


secretion is a direct causal factor in the cardiac reaction. If anv relat 
exists the objective evidence would tend to indicate a hyposecretion rath 
than a hypersecretion, since the pulse-rate bears no relation to the amou 
ot secreting surtace and a neglig ble relation to the hist logical str { 
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e revers nag n case, as wl be mentioned late \ ! Ss 
ead ’ lifieat e +] ardi } ; } ' 

producing al nodineation O© the cardiac acti , and adenomata 

be associated with the same pulse reaction as ordinary hyperplasia 


It does not appear from the evidence at present available that 1 
explanation of the cardiac activitv is so superficial or simple as eit 


thvroid-hypersecretion or hyposecretion would indicate, but that both 





] ] 


( irdia activit and the thy roid reaction are paralle man festat ns 


sequent on some more general and remote disturbance 


RELATION OF TEMPERATURE TO GLAND STRUCTUTL! 


The temperature on admission, the highest, the lowest and the averag 
temperature before operation; also the highest, lowest and average ten 
peratures for the first three days following operation are recorded 
Table 3. We have also added the total number of davs of pyrexia follow 
ing operation for each case. 

These temperatures are for the most part oral and, therefore, o1 
of relative value. The average temperatures before operation are app 
mately normal in the several anatomical groups of each series. TT) 
temperatures on admission are often somewhat elevated and it frequent 

happens that they coin de with the highest temperatures before ope 
ation, just as was true of the pulse-rates. True fever, after rest in b 
s established, is exceedingly rare in uncomplicated cases, as mal 

observers have pointed out. The subjective sensation of { 

eommo! 

l ostoperative 1 is usually q ib t. It reaches its | 
on the second day and in favorable cases gradually falls to an averag 
normal in from six to eight days (average). The temperature pet 
tends to le cher in the eases with marked thvroid hyperplasia thar 
the cases with normal or colloid glands, just as was noted with the pu!s 
rates, but the differences are too slight for a suggestion of any caus 
relation between gland structure and temperature reaction. The slight 

sher temperatures associated with the more marked hvyperplasias 
proba! pars nhenomena and indicative of a more severe ft 
diseast The pulse and temperature reactions after operation co1 
ed “manifestations of hvperthvroidism”’; that is, tl 
believed to be due to an exces of “toxic” thyroid secretion. The evide 
for this hypothesis is at present inadequate. Both the temperat 
pulse reactions point toward some more profound disturbance in t 
nutrition of the nerve-centers controlling these activities than could 
explained bv acute variations the amount of tl 
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s recorded as present in thirty-five and as absent 
\rranging the cases according to the anatomical di 
ind that exophthalmos was present in one o 
! n two ¢ hve St I ai or norma 
: olteel ases wit ol ) s and in twent 
ses with acti hyperplasia. Thus, exophthalmos 
from any of the anator il divisions nor present in 
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he cts that exophthalmos may be present eit \ t 
normal ¢ wit il egree O ictive thyroid |! isla I that t ( 
may be marked thvyro perplasia wit t ¢ s, point strong 
gainst the view that thvroid hyperplasia is etiologica related to ¢ 


thaimos and toward the View that both phenomena ar araliel, ft 


oiten not synchronous, man! 


?. THE RELATION OF EXOPHTHALMIC GOITER TO 
MYXEDEMA 


pi 
had distinct anatomical changes characterist premature o ‘ 
matous atrophy supervening in marked hyperplasias In t 

patients there was well-marked general pigmentation wit ss of s 


and body hair. In the other two no mention was made of these feat 


In the first two cases there was also dryness of the skin of 1 rs 
arms, with sweating of the palms of the hands and soles of the feet () 
sonal observations). Three died following operation wit gh ten 


tures and puise-rates 
Owing to the Tact that one se dom sees ment n ort Ss Important 
] 


relatively frequent late manifestation in exophthalmie goiter, we would 


urge again the importance of very careful inquiry and examinatiol 


cases of exophthalmic goiter coming under observation in order to dete 


clinically these very mild and verv early manifestations of supervening 


myxedema, as well as careful anatomical examinations of the thvroid for 
the characteristic histological changes. 

Ord** was perhaps the first to point out that myxedema was a natural 
sequel rather than a complication of exophthalmic goiter. More recent] 


C. P. Howard,** West,?* Dock*® and ourselves*! have emphasized this view 
with very large, actively hyperplastic thyroids These symptoms are increased 
appetite, loss of weight, diarrhea, becoming bloody in the late stages, weakness 
and sometimes coma before death We have never observed any noteworthy 


increase in heart-rate or rise of body temperature or thvroid enlargement o1 


exophthalmos in dogs, following suc experiments Cunningham Jour. Exper 
Med., 1898, iii, 148) in his much earlier and more extensive studies on “Experi 
mental Thyroidism” was unable to reproduce in any of the animals used a cor 


dition resembling exophthalmic goiter by feeding thyroid gland, and at that time 


clearly pointed out the inadequateness of a hyperthyroidization theory in explair 


ing the essential features of exophthalmic goiter Recently Carlson, Rooks | 
MeKie (Proe. Am. Physiol. So 1911. xxvii. 13) have reported their experime 
with feeding thvroid to a large series of animals with the same results reports 


by Cunningham and ourselves 
' 97, Ord: Brit. Med. Jour., 1885, i, 896 

28. Howard, ¢ P Jour Am. Med Assn 1907, xivi 1226 

29. West: St. Bartholomew's Hosp. Rep., 1906, xl, 9 

30. Dock In Osler’s Modern Medicine, Phila 1909, vi, 437 

31. Marine and Lenhart: Relation of Iodin to the Structure of Human 7 
roids, THe ARCHIVES INT. Mep., 1909, iv, 440 
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We have collected reports of cases by twenty-four observers and, as 
Hirsch]** suggests, the cases may roughly be divided into two groups, (1) 
myxedema occurring during and (2) myxedema occurring after exoph- 
thalmic goiter. This grouping is purely clinical. The thyroid insufh- 
ciency starts when thyroid hyperplasia starts and may develop rapidly, as 
in cases reported by Osler,** Sollier,** Jolly** and others, in which case the 
severe manifestations of both symptom-complexes are nearly synchronous, 
or slowly, as in cases reported by Williams,** Gautier*’ and others, in 
which case the overlapping of the two syndromes is less complete. 

It is of significance that myxedema never precedes but accompanies 
or follows exophthalmic goiter, and also, as pointed out by Gowan,** that 
the incidence of myxedema of adults as regards sex is the same as that of 
exophthalmic goiter (six to one). Clinically, it has been shown by Bence 
and Engel,** van Lier,*® Carpi** and others that the mononuclear leuko- 
cytes and lymphocytes are increased in myxedema just as in exophthalmic 
goiter, and it has long been known that, anatomically, the lymphoid tissue 
changes are similar in both syndromes. Another observation of interest 
in this connection is the experience of clinicians generally that the cretin, 
the exophthalmie goiter or the myxedema patient has lowered resistance 
toward bacterial infections and Marbé*? and Fassin** have demonstrated 
a lessening of the alexic activity of the blood-serum in both exophthalmic 
goiter and myxedema, and also that this lessening is the reverse of what 
obtains following the administration of iodin or desiccated thyroid. We 
have already described the anatomical features of the special form of 
atrophy that supervenes in the marked hyperplasia as myxedema develops 
and have pointed out that it may often be detected in advance of definite 
clinical manifestations. The iodin relations which obtain in these special 
atrophies of cretinism or myxedema are naturally only a continuation 
of the gradual lessening which characterizes the several degrees of 
hyperplasia. 


It is general] 


1 
he 


v stated that my xedema is the antithesis of ex: phthalmi 
goiter. This is based largely on the subjective and symptomatic manifes- 
tations and the fact that the manifestations of exophthalmic goiter are 


most pronounced during the early or developmental stage of the thyroid 


32. Hirsch]: Wien. klin. Wehnschr., 1900, xiii, 622 

33. Osler: Jour. Nerv. and Ment. Dis., 1899, xxvi, 65 

34. Sollier: Rev. de Méd., 1891, xi, 1000. 

35. Jolly: Jour. Am. Med. Assn., 1899, xxxii, 814. 

36. Williams: Brit. Med. Jour., 1893, i, 799 

37. Gautier: Rev. méd. de la Suisse Romande, i898, xviii, 625. 
38. Gowan: Lancet, London, 1895, i, 478 

39. Bence and Engel: Wien. klin. Wehnschr., 1908, xxi, 905. 

40. Van Lier: Beitr. z. klin. Chir., 1910, Ixix, 201 

$1. Carpi: Berl. klin. Wehnschr., 1910, xIvii, 2059 

42. Marbé: Compt. rend. Soc. de biol., 1909, Ixvii, 362 
43. Fassin: Compt. rend. Soe. de biol., 1909, Ixvi, 457. 
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hyperplasia, while manifestations of myxedema occur during the atrophic 


stage. The biological cr objective phenomena of the physiology, the 
anatomy and the chemistry of the thyroid in exophthalmic goiter and 
myxedema, as we have shown, are closely interwoven. The fundamental 
conception and demonstration of myxedema or cretinism as the result 
of the lessening of the physiological secretion of the thyroid is the most 
thorough] established fact in the pat] ological physiology of the thvroid 
We would emphasize that the essential thyroid disturbance in myxedema 
is a lessening of the physiological value of the secretion and not neces 
sarily a quantitative lessening, since a majority of all animals from fis! 
to man have or have had enlarged thyroids bot} 


in cretinism and in 
myxedema. To use the words of Morel: “G« 


iter is one stage on the road 
to cretinism or myxedema.” Morel’s dictum might, in the light of recent 
work, be modified to read: “Active hyperplasia is the first manifestation 
of thyroid insufficiency,” for the reason that we now know that an animal 
may be cured of any general disturbance of which the goiter is a mani- 
festation and still have an enlarged thyroid (colloid goiter), in the same 


sense that an animal with rickets may recover, although the bone deformi- 
ties persist. 
Faure** has tersely put the kernel of the whole argument as follows: 


“Tf myxedema is due to a deficiency, and exophthalmic goiter to an excess 


of thyroid secretion, then both syndromes could scarcely coexist in the 
But it is now known that the two syndromes overlap 
to a greater or lesser extent in all of the 


goiter in which the impairment of thyroid function is allowed to contin 


same individual.” 


cases of exophthalmic 


l¢ 
unchecked. 

Horsley*® has pointed out that nervousness and tremor are quite cot 
stant manifestations of the early stage of myxedema and that the reason 


we do not observe it more often is that the patients present 
with the disease well advanced. He*® al | 


also described a nervous, excitabl 


themselves 


stage in the thyroidectomized monkeys preceding the development of the 


more characteristic symptoms of cachexia strumipriva. Later McGar- 


rison** noticed and carefully recorded a nervous stage preceding the clas 


sical manifestations of endemic cretinism in the Gilgit and Chitral Dis- 
tricts of India. 


We believe that further study will reveal the frequent existenc 


nervous manifestations of the exophthalmic goiter tvpe during the devel- 
opmental stage of myxedema, just as anatomical studies have shown that 


44. Faure: Presse méd., 1899, ii, 174 

45. Horsley: Brit. Med. Jour., 1885, i, 381 

46. Horsley: Proc. Roy. Med. and Chir. Soc., London, 1886, xl, 6 

47. MceGarrison: Proc. Roy. Med. and Chir. S 


hi c., London, 1908, i No. 3, 
Med. Sect., p. 1 
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wi! ( n ot s the wasting was extren Wi } \ ee! ( to lo ol 
symptoms which characterize developing myxedema 

In this conne I wish to report the major features of i] 


teris events ! < ‘ mnt iimic got 

rhe patient, a gi ged 18, presented herself at Charity Hospital in October 
1908, with all the cardinal symptoms of exophthalmic goitet She was admitted 
to the hospital and improved rapidly during the fiv veeks of rest and general 
medical treatment She then returned to her work but relapsed during the fol 


lowing May and was readmitted to Charity He spital in June, 1909. At this time 
right thvroid lobe was removed The operation was followed by the typical 


pulse and temperature reaction, the pulse reaching 160 and the temperature 105 








degrees Five weeks after leaving the hospital she was again admitted with 
tv} id fever This disease ran an uncomplicated course but was prolonged and 
uring the third week of convalescence it was noticed that the pulse was becoming , 
more rapid an the remaining tl yroid lobe was enlarging She left the hospital 
in November, 1909, and was not seen until March, 1910, when she presented the 
following picture: She had gained thirty pounds The subcutaneous tissues were 
everywhere thickened The skin was dry, save for sweating of the palms of the 
hands and the soles of the feet There was nearly complete loss of the body and ‘ 
scalp hair at the decay of the teeth had progressed rapidly. The pulse was 
regular and averag 120 beats per minute Ihe remaining thvroi lobe had 
enlarged until it exceeded the size of the combined lobes before operation. Men 
struation had not 1 siz the typhoid fever \ diagnosis of supervening 
myxedema was ide and as there was a great ex s of very actively hyper 
plastic thyroid tissue present, iodin it the form of the syrup of the iodid of iron 
0.3 cc. three times dai was given At the end of two months the remaining 
thvroid lobe is firm. much reduced in size and had completely involuted to the 
colloi or 1 tir stage { new rrowth of scalp iXl irv and pubic hair devel 
oD menstruation be I iin during the ! mont ind the thickened sub 
cutaneous tissues tur? to their. normal appeara I exophthalmi roiter 
sympton mn] gO aor t amell ite s stil present Dee 2s Iolo 

ulse 110. tren eX thalmos and a small firm left roid lol 
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8. RELATION OF POSTOPERATIVE MORTALIT}) 
ANATOMICAL CHANGES IN THE THYROID 
LYMPHOID TISSUES AND TO THE 
IODIN CONTENT OF THE 
THYROID 


Complete data on which to estimate the true postopera 
ire not available lhe published statistics, of which th 
examples, Dunl *S ejohty-eight cases with 1.1 pe ent. n 
Mayos,** 405 cases with 4.7 per cent. mortality, Kocher,®° 4! 
3.4 per cent. mortality, Krecke,*! 108 cases with 9 per cer 


with 19 per cent. mortality, show greater variations than 


ve 
qT } 
| 

14 cas 
T TY 


attributed to operative skill and at the same time omit thos 


are known to be most indicative of the severity of the cases, 1 
logical condition of the thyroid and lymphoid tissues. Morta 


based on the total number of cases clinically diagnosed as « 


goiter give no accurate dea of the real mort t (1) beeca 
observers exercise different degrees of liberality in diagnosing 
mie goiter, (2) because such statistics convey no idea of tl 
severity of the disease, and (3) because the collected autops 
that the mortality is greatest in those patients with marked 


lymphoid hyperplasia. Unless the histological condition « 
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let 
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and the lymphoid tissues, together with the pulse-rate and tem 
reactions both before and after operation are given, no estimate 
operative risk and the types of cases subjected to operation can bi 


vithin four days after operation w gh temperature and 
believing that greater error is trod tributing de 
cases to one « ! er of the n Oss mna ! 
ecidents. 

Of the sixty-nine cases included in this st ty e or 1 
died—ten females and two males (see 7 e 3) 

Che morta irranged ac rding to the may inat 
yf thyroid changes is as follows: 1 e** cases with adenor 
mortality, five cases with normal or norn inds w 


18. Dunhill: Brit. Med. Jour., 1909, i, 1222 

19. Mayo, C. H Surg... Gynec. and Obst 1909, vili, 237 
50. Kocher: Brit. Med. Jour 1910 ii, 931 

51. Krecke Miinchen. med, Wehnschr., 1909, lvi 5 

52. White, Hale: Quart. Jour. Med., 1910, iv, 89 


53. Mackenzie, H Brit. Med. Jour., 1910, ii, 935 
54. Gebele Beitr. z. klin. Chir 1910, Ixx, 20 
55. The five other cases with adenomata are included ri 


colloid glands (see Table 3 
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tality, eighteen cases with pure colloid goiters with two deaths, or a 


mortality of 11 per cent., and forty-three cases with active hyperplasia 
with ten deaths, or a mortality of 23 per cent. It is thus seen that the 
highest mortality occurs in the group of active hyperplasias and by 
arranging the ten fatal cases of this group according to the degree of 


} 


active hyperplasia present, it is found that all were associated with 


advanced degrees of active hyperplasia. 

The symptoms, as we are at present able to interpret them, offer incon- 
stant and unreliable criteria of severity and risk of operation except in 
those cases with manifestations of supervening myxedema, which are the 


greatest operative risks. Three of our four patients died following oper- 
ation. Thus, it may be stated at present that the thyroid and lymphoid 
hyperplasia offer the most constant criteria of severity and that the 
mortality varies with the degree of hyperplasia of these tissues. 
Concerning the relation of mortality to the iodin content, there is no 
literature bearing directly on this feature, although it could be inferred 


that since the mortality is greatest in those cases with marked hyperplasia, 


and since iodin normally varies inversely with the degree of hyperplasia. 
that the mortality would be ] ighest in those cases with low iodin content. 
The accompanying tabulation of nine®™ of the fatal cases bears out this 
inference (see Fig. 9) 

There are three reneral hypotl eses as to the cause of the phenomena 


of high pulse-rates, high temperatures and « 


leath in these cases: (1) that 
they are the result of squeezing an excess of thyroid secretion into the 


1 


organism from gland manipulation at operation; (2) that thev are the 


result of status lymphaticus; (3) that they are the result of the general 


state of exhaustion and weakness of the organism. 


Taking up the first hypothesis, Putnam? suggested it in order to 


explain the phenomena on the basis of a hyperthyroidization theorv. It 
is still widely held by those who think both the temperature and pulse 
reactions are the result of a hyperthvroidization, but there is now suffi- 
cient evidence to render it untenable, first because the operative mortality 


is greatest in those patients with small, cirrhotic glands and low iodin 


content, and is least in those patients with excessive thvroid tissue and 


high iodin content. This is the opposite of what should obtain if the 


secretion caused the symptoms and iodin determined th 


e sec retion’s major 


activity. Second, the gravest risks are those patients with symptoms of 


' , 


56. Three fatal cases Cases 269, 3 


381 and 265) have been excluded because 
iodin was administered for too short an interval before operation for correspond 
ing histological changes to occur Thus, the iodin contents were 4.02, 1.31 and 
1.15 mgm. per gram of dried gland, while the histological diagnosis in these cases 
was colloid-moderate hyperplasia, and experience has shown that such iodin con 
tents can coexist with such degrees of active hyperplasia only in cases in which 
insufficient time has elapsed since the administration of iodin began 


57. Putnam: Brain, 1894, xvii, 214 
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the temperature and pulse in our group of fatal cases with a group of 
non-fatal cases of similar thyroid and lymphoid changes shows that the 


manifestations differ only in degree (Figs. 7 and 8). 


The second view, that the lymphoid hyperplasia of 
of death in these cases has been discussed 
Most of the fatal cases, as has been 
The studies of Saw- 


the thymus, spleen 


and lvmph glands is the cause 


by Capelle, Caro, Boit and others. 


shown by all observers, have lymphoid hyperplasia. 
er, Kocher, van Lier, Carpi and others have shown that this lymphoid 


' 


hyperplasia, while in no sense specific for the fatal cases or, indeed, for 


to some degree during the 


] 


in general, is present 
exophthalmie goiter whether ending fatally 


exophthalmie goitet 


progressive stage true 


or not. 
The third view, that death is the result of the failure to compensate 
1 


nutritional disturbance seems the more probable. T his 


lv by the series of mory ho- 


for some genera 
is manifested objective 
lemonstrable in the thyroid and lymphoid tissues 


logical changes easily d 


failure of compensation 


and which perhaps also exist in other tissues whose objective manifesta- 
tions of the compensatory reaction are less easily detected. The inter- 
indicative of cell exhaustion is based 


pretation of these cell changes as 
on the well-known experiments of R. Hertwig and his pupils®® in pro- 


ducing similar morphological changes in protozoon cells by overwork, 
overfeeding or starvation, and on the morphological studies in tumor cells 
by Professor Howard and Dr. Schultz. 

The study of the series of changes which take place in a thyroid as 
asses from the normal gland through active hyperplasia to the end 
forces us to interpret this 
process as ane of compensation to meet increased functional demands and 


the failure of this compensation leads to a gradual loss of the finer cell 


it } 


stage of ecretinoid or n yxedematoid atrophy, 


nutrition and, in consequence, of the finer cell function. One cannot say 
that the general loss of cell energy and of the ability of the body-cells to 
two most chara teristi features of the dis- 


are or are not due to a poison. 
hvroid or lymphoid tissue is producing such a 


lence would seem to indicate that 1f a poison 


; 


poison, but rather e evi 


loes exist, these tissues are atte mpting to control It. 


9. TREATMENT OF EXOPHTHALMIC GOITER 


\ correct estimation of the value of any plan of treatment is easy ¢ 
difficult in proportion to the closeness with which the disease follows 
| 
tvpe. If the disease is acute and tvpical, the therapeutic value of any 
measure is read lets ned ut if, on the contrary, the course of the 
60. Arch. f. Protistenk. (Suppl.) Festband f. R. Herting, 1907. 


61. Sehultz Jour. Exper. Med., Suppl. No. 1911 


There is, however, no objec tive 
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disease is chronic and subject to many spontaneous remissions and exacé 


bations it is extremely difficult to reach a just estimate of the value of an) 
plan of treatment. And when in addition the pathological processes can 
not be sharply separated from the physiological, the difficulties opposed 
to correct judgment are further increased. There is no disease the history 
of which better demonstrates the truth of these principles than does 
exophthalmic goiter. 

General suggestions covering the recognized facts in the pathology 
and the physiology of the disease only can be attempted, because in so 
protean a disease, and in a disease which so markedly tends toward spon- 
taneous recovery, false judgments as to the success or failure of a given 
measure are unavoidable. The details of application of the general 
principles to be outlined must be left to the good judgment of the 

:; 


physician and there is perhaps no disease in which the adaptation of th 


physician’s suggestions to the individual case is more it 


portant for the 


obtaining of satisfactory results. 

The prevailing modes of treatment have followed closely the prevailing 
theories as to the causation of the disease. The therapeutic measures at 
present employed may be divided into two groups, as follows: 

1. Those directed toward the correction of metabolic disturbances. 
and in particular the nervous exhaustion. 

2. Those directed toward reducing or counteracting the thvroid 
secretion. 

Beginning with Group 1, the first requisite is a carefully taken histor 
to ascertain the underlying factors in the central nervous-svstem exhaus 
tion, whether it can be traced to worry, care, anxiety, fright. overworl 


strain; infectious diseases, as tvphoid fever, rheumatism or influenza: 
gastro-intestinal disturbances or any of the many other disturbances with 


hich the syn ptom-complex may be associated. 


W 

Rest, both mental and physical, stands first in importance amor 
the beneficial measures now at our command. Those who have had the 
most favorable results with surgical measures have used prolonged rest 


both before and aiter operation As nearly absolute menta rest as 
possible should be striven for. This may be attempted by a variety of 
means, but again the physician must adapt s method to suit the tastes 
surroundings, means, etc., of the patient. Rare in one obtain rest at 
home More successful is a change of environment, in a hospital or 

sanitarium or in the country. In severe cases a rigid Weir M 
treatment may be necessary. In milder cases the diversion of a S 
vovage, or a sojourn at some quiet place by the sea or in the highlands, 
or a protracted visit with a distant relative or a lJeisurely-taken camping 


trip may open up other avenues of mental activity which are as rest-pr 


ducing to the nervous mechanism as physical rest is to the muscle 
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Mental rest frequently has little association with physical rest and we 
often fall into the error of attempting to obtain mental rest by the same 
methods that are commonly employed to induce physical rest. The great 
object to be attained in all cases is to get the patients to a place where 
they can enjoy quiet, away from their cares, imaginary or real, away from 
their social duties and their work. 

Baths have an important place in the treatment, both for their sedative 
and their tonic effects. A course of daily baths with carefully graduated 
temperatures should be instituted. In the severe, maniacal or restless 
cases the hot bath (100 F.) each evening usually ensures sleep and rest. 
As the patients improve, or in milder cases, the temperature may be grad- 
uated downward, thus passing from the sedative to the mildly tonie effect. 
Perhaps in no case is it wise to reduce the bath temperature below that 
which is necessary to induce mild vasoconstriction. 

Exercise: There are three forms: (1) active (voluntary) movements, 
(2) passive movements and (3) electricity. In all severe cases the 


muscular weakness precludes attempts at active exercise, but massag 


is 


should be instituted in connection with the hot baths. In improving or 


mild cases active exercise as walking, mild gymnastics, ete., shou 


instituted. These exercises should be graduated so as to avoid fatigu 
and at the same time to take advantage of the patient’s increasing endur- 
ance Electricity has been extensively used, and undoubtedly many of 


the symptoms have subsided under its use, but the fact that there is no 


agreement among observers as to the kind or strength of current to use— 


some recommending the static, others the high frequency, some the gal- 


| 1 


vanic. others the faradic—has led to the conclusion that whatever benefit 


ue to the mental impression on the patient and tl] 


" } ) 
| 
Lu 


is obtained is largely « 


muscular movements induced. 


Concerning climate great differences of opinion exist. Some insist 


on residence in the mountains, others at the seashore. All we know ma\ 


be summed up by saving that since these patients withstand heat badly, 


ne should avoid the hot, humid climates and seek a cool, dry, pure 


atmospher¢ In patients with cardiac weakness the altitudes mav be 
harmful. In general. mountainous regions of moderate elevation (1,000 


to 5.000 feet) are the most favorable and offer less monotony than lev« 


surroundings, 


Diet: Patients often crave unsuitable articles of food, as pickles, 


] 


I 


wholesome. and taken at regular intervals. Stimulants should be avoided. 


} 


The fact that these patients usually retain good appetites cannot be o 


Y 


looked when weighing the symptomatology of the disease. It may possibly 


a ul 


be interpreted as the organism’s attempt to repair the tissue waste. And 
) 


since tissue waste is one of the manifestations of the disease, we believe 


spices. pastries, candies, nuts, ete. The food should be plain, well cooked, 


~ 


a TS 
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that the diet of these patients should not be curtailed as to proteins, fats 
or carbohydrates, and that none of the usual articles of food (meats, milk, 
eggs, butter, sugars, starches, fruits and vegetables) need be restricted 


except as special indications arise in the individual cases, as for instance 


glycosuria, diarrhea, vomiting, etc. 


Suggestion: The value of suggestion in exophthalmic goiter is univer- 
sally recognized. The psychical condition of these patients is ver 
unstable. Trivial incidents may encourage them and equally trivial 
happenings may depress them. It is necessary to acquire the confidence 
of the patient when time is such an element in the treatment, a1 d only 
in this way can we expect cooperation. The physician should encourage 
and cheer the patient. In most cases this can be done without resort to 
strategy, not to speak of quackery. Hypnotic suggestion should 
condemned. 


Drugs have little actual value. Speaking of the almost endless list 
as a whole, their beneficial influence is determined largely bv the mental] 


impression on the patient and by the skill and intelligence with which 


1 + 


their use is adapted to each particular case. The general hygienic meas 


ures instituted at the same time are often underestimated. It should be 


pointed out that the limits of safety in the use of drugs are very narrow 
in this disease and drugs should, therefore, be used in small doses and 
under ca eful contri The se of drugs 1s larg symptomatic and ma 


he o 

1. The cardiovascular group includes digitalis and its d itives 
strophanthus, convallaria, strvchnin, ergot, atropin, veratrum \ 1 
aconite, nitrites, ete. The heart and vessels need neither stimulation 1 
depression. Th need regulation. This regulatory contro an 
regained but slowly under anv condition. Digitalis is the most common 
used. Its use should be confined to such conditions as acute dilatation 
valvular lesions or actual mvocardial disease. It should not be used 
the tachycardia. Rest in bed and the ice-bag are safer and better. 

2. For the symptoms of nervousness, restlessness and insomnia a larg 
list of dri os has been 1 sed. Among the more pro! nent drugs are opiates, 
bromids and coal-tar products. Since the above symptoms are probably 


due to a loss of, ora weakened inhibitory control over, the hodv functions. 
it is not rational therap) to offset this by corresp¢ ndingly depressing the 
accelerator mechanisms. The end to be attained is to assist the organism 
in regaining this regulatory control, and rest in quiet, congenial, comfort 


able surroundings, warm baths, ete.. are more important than drugs. An 


occasional dram dose of sodium bromid before retiring mav be useful 
the above measures are impracticable. These patients are peculiar] 
susceptible to opium and it should not be used. The same is true of the 


powerful hypnotics and depressants 
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Iron, arsenic, sodium phosphate and quinin hydrobromate hav 


heir advocates. Since the treatment of every case must be carried out 


on general principles and complications as dyspepsia, diarrhea, consti- 
pation, vomiting, anemia, etc., dealt with as they arise, these drugs as 
well as many others are often of value in individual cases. 


t. The use of such animal extracts as thymus, adrenal, ovary, testis. 


spleen, pituitary or brain tissue is purely empirical and has no known 
influence. With desiccated thyroid it is different. According to the 
hvperthvroidization theory it should make the cases worse, while accor 

ng to the hvypo- or dys-thyroidization theory it should produce improve- 


ment. The majority of the reports indicate that the drug in small doses 


large numbers 


makes the patients clinically worse. Nevertheless, there are g 
of cases in which no noticeable effect has been produced by the drug even 
in large doses. There are also numerous cast vhich definite improve- 
met has followed its use. Several known factors have helped to bring 
about this lack of uniformity of results. (1) The activity of desiceate 
as 


Vroid Is ¢ 


letermined by the iodin in organic combination, and in com- 
mercial preparations this is quite variable (the causes for this variation 


have been discussed in an earlier paper by Marine and Williams*® and by 


Hunt and Seidell.' (2) The doses used have usually been those arbi- 
trarily established for goiter in general. (3) Clinically. exophthalmie 
goiter includes a very broad group of cases as regards the duration. 


prominence, severity and character of the symptoms. 
It Is certain, however, that desiccated thyroid induces the same ana- 
tomical changes in the exophthalmic goiter as in any other developing 


goiter and that these changes are identical with those produced bv iodin. 


viz., (a) an involution to the colloid state, (b) an increase in t lodin 
content and (c) a decrease in the blood-suppl\ In the so-called sec- 
ondary exophthalmic goiter cases and in cases with manifestations of 
developing myxedema. doses of from 2 to 5 er. (0.12 to 0.8) dailv 
of the commercial thyroid are often beneficia In the acute. severe. 
primary exopht mie goiter cases this drug should not be emploved 
inless one uses a pul fied iodothvreoglobulin hvpoder? aticallv in doses 
of */.. er. (0.0012) as recommended bv Be e."* On the whole this is 
i lan ere < nd should be used on] , ; nurified and standard 
ed form in cases under the closest observation. We feel certain. hows 
that its use in this disease will become more general when the above n- 
ditions are f 

62. Marine and Williams: The Relation of I n to the Structure of the 
Thyroid Gland, Tue Arcuives Int. MeEp., 1908, i, 349 

63. Hunt and Seidell: Commercial Thyroid Preparations . . , Jour. Am. 
Med. Assn., 1908, li, 1385 

64. Beebe rreatment of Thyroidism by Spe Serum, THe ARCHIVES INT 


Miep 1908 15 
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5. Iodin has much the same a n in exophthalmie goiter wit tiv 
thyroid hyperplasia as has iodothvreoglobulil nd in additior s th 
advantage that the dose can be controlled and that the rea n produce 

: depends on the size of the dose and on the existing degree of the thv 
) hyperplasia. We have carefully followed the use of n in sevet 
cases and have not seen any of th jurious effects monly des 
Iodin should be administered by mouth and preferably in the fon the 
syrup of the iodid of iron, syrup of hvdriodic acid or sodium iodid. 7 
nitial dose should be small. In extreme cases we have used t s 
( ferrous did in doses of 5 minims (0.3 c.c.) da e first Ww 


mav be 5 (0.3) or even 10 (0.6 ¢.c.) minims twice da 


Group 2 includes those measures directed toward reducing or count 


theory of the nature of the disease is oming exceedingly fra 

A. S vical measures rank first Che m« l rtant ones [ 
xtirpat e gland, arterial ligation, stretching eXCISION { 
cervical sympathetic, and various combinations of thes It is extreme 
diffi t to a \ it anv accurate estimation of the va f S I 


perore nd continuin for a long time liter operations not 
taken 1nto ae unt Internists eneral nave sed a mort rig d star 
oT ¢ eT n | ive surgeons Che statist s ol I rtality mi ! nt 
cure as n the total number of cases clinical] ( onost 

wove T Sons, ¢ ttie \ lue Wi nave ( ve roe 

from the clit Dr. Crile and our findings agree with those of Wi!sor 
( ( ( ( I Ss that the sey nd I! I I S tist . 

it con ted from t ictual thvroid ar ( s 
from the clinical picture. Indeed, we v , stat 
Crile*? that it is impossible at preset stat the 1 


1 nts « ~ I insures 1 = : , 

t LT I I _ el I S t ~ . 

Pt x, ; \ f ; Chi 1O10 1OG ‘ t 
iets Sa offact fj 1] ‘ V\ e 
ets @ i ‘ ; is ’ T t | | ‘ ] ~ 

66. Wilson Am. Jour. Med. S 1908, exxxvi, 851 

67. Crilk Post-operative Results in Exophthalmie Goite1 r fumors, J 
Ay Med. Asst 1909. lili. 1675 

68. Mackenzie: Allbutt’s System of M 1908, iv, pt a 
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theoretically should be most improved. It is impossible to tell whether 
ligation of one, two or three thyroid arteries will be followed by improve- 
ment or not. So also with partial extirpation; improvement may or may 
not follow removal of one-fourth, one-half or three-fourths of the gland. 
So also with the sympathetic operation, either stretching or resection may 
or may not be followed by improvement. Whatever thyroid operation 
is made, the other factors being constant, the postoperative reaction 
(so-called hyperthyroidism) and the operative mortality are, in general, 
proportional to the degree of active thyroid and lymphoid hyperplasia 
(the anatomical indices of severity). Also many authors have shown 
that operations on other parts of the body, or injuries, as a fractured leg, 
or mental! shocks, are followed by the temperature and pulse reactions and 
sometimes death, in proportion to the anatomical severity of the disease. 

It is the general experience that a larger percentage of improvement 
follows in those cases in which some operative measure has been carried 
out than in those treated medically, but as Bier*®* points out, it is largel) 
subjective during their stay in the hospital and the objective signs clear 
up only after prolonged treatment. None of the surgical explanations 
thus far offered for the apparent improvement is free from weighty 


it 


objections. In our opinion operations should not be undertaken ur 
the thyroid has returned to its colloid or resting state, whether this has 
occurred spontaneously during general treatment or has been hastened by 
the action of minute doses of iodin. What has been said refers only to 
operative measures applied expressly for the relief of the symptoms of 
the exophthalmic goiter. In each case the ceneral indications for opera- 
tion, as (1) the relief of mechanical pressure effects, (2) correcting 
deformity, (3) thyroid tumors and (4) psychic effects, should be 
considered. 

B. The chief non-surgical measures in use to counteract or reduce 
the hypothetical thyroid hypersecretion are (1) the antithyroid serum of 


Moebius, (2) the milk of thyroidectomized goats, (3) the thyreolvti 
serum of Beebe and Rogers, and (4) the Roentgen rays. The hypothetical 
action of Moebius’ serum and of the milk of thyroidectomized goats is one 
of neutralization. It rests on the assumptions (1) that the serum or milk 
of thyroidectomized sheep and goats contains an accumulation of sub- 
stances which the thyroid secretion would normally neutralize and (2) 
that the gland of exophthalmic goiter is producing an excess of secretion 
As with al] other remedies some observers report beneficial, others negative 


results. The prevailing opinions are (von Striimpell, Eulenberg, Erb and 


Eichhorst™®) that any improvement occurring during t use is not 


creater than could be ascribed to rest, hvgiene and the passage of time 


69. Bier: Med. Klin., 1908, iv, 16. 


70. Med. Klin., 1908, iv, 39 
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Certainly no specific action has been demonstrated. The theory of action 
of Beebe and Rogers’ serum is that it inhibits the action of the thyroid 
cells or destroys them. The serum is made by injecting into rabbits or 
sheep the nucleoproteins of human thyroid. They claim for the serum 
a high degree of specificity. The work has not been confirmed.”* Our 
experience with its therapeutic use is confined to fourteen cases. No 
improvement could be made out above what normally occurs with rest 
in bed. We were able to examine the thyroid glands histologica!ly from 
three of the cases (in two cases during and one about four weeks after 
treatment) but could not detect any lytic action on the thyroid epitheliun 
Roentgen rays have also been used to inhibit or depress the gland’s 
activity. In some cases the gland becomes smaller. No definite thyroid 
changes are recorded beyond an increase of the capsular and pericapsular 


fibrous tissues. The value of this form of treatment is still problematical. 


10. SUMMARY AND CONCLUSIONS 


The anatomical changes in the several body tissues in exophthalmic 
goiter are variable and manifold. The most prominent and most con- 
stant change is active hyperplasia of the thyroid and lymphoid tissues. 
These changes are not constant, since the exophthalmic goiter syndrome, 
as at present recognized, may coexist with a normal thyroid, with a colloid 
goiter, with an actively hyperplastic thyroid, with an atrophic thyroid or 
with a tumor of the thyroid. 

The great majority of individuals presenting this syndrome in recog 
nizable form have some degree of active thyroid and lymphoid hvyper- 
plasia, and we believe that all true cases with complete clinica! svndromes 


have had, during their developmental stage, active thyroid and lymphoid 


hyperplasia. 

Active thyroid and iymphoid hyperplasia are not specific for this 
syndrome, since similar anatomical changes are present in a variety o 
other abnormal body states. 

The series of anatomical changes which occur in a thyroid as it passes 
from its normal or its colloid state through active hyperplasia and on to 
atrophy or to colloid goiter represents this tissue’s biological reaction 
whenever those biochemical disturbances in the organism’s nutrition occur 
which excite its compensatory activity. 

Active thyroid hyperplasia means thyroid insufficiency, and alt! 
the causes which excite this activity are unknown and, therefore, ma 
may not be multiple, still, the basic anatomical reaction of the thyroid 
tissue seems to be the same in all the several clinica] varieties of goit 


and, indeed, seems to be the only one with which the thyroid tissue is 


71. Taylor, A. E.: The Treatment of Exophthalmic Goiter with Specific Anti 
serum, Jour. Am. Med. Assn., 1911, lvi, 263 
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I defined physiological activity of the thyroid secretio 


is that determined by its iodin content. lIodin is related to the exopl 


thalmic goiter thyroid in the same way that iodin is related to the thvroid 


of other clinical associations and of other animals as well, viz., that iodin 
varies invers wit! e degree of active hyperplasia. The ability of tl 
exophthalmiec goiter thyroid to take up iodin varies with the degree of 
active hyperplasia (hence inversely with the amount of iodin present) and 
s similar to that of other active thyroid hyperplasias in man and t!) 
lower animals | n induces the same series of anatomical changes 1 
exoplhit t oid goiter as in the other varieties of thyroid hyper 
plasias in man and animals 

Che temperatul ind pulse eactions bot hefore n ilter operation 
tend to varv with the degree of thvroid and lymphoid hyperplasia. The 


differences between the reactions 1n cases with normal or with colloid 


elands and the reactions in cases with marked hyperplasias are too slight 
ior a suggestion Of a! cause and effect relation The pulse and temper 


ature reactions and the thyroid hyperplasia are parallel and resultant 
phenomena dependent on more general and more remote causes, 


An incomplete exophthalmic goiter syndrome may exist with th 
thvroid normal. or the thvroid mav be markedly hyperplastic with the 


syndrome absent, or, finally, the | isto] wical structure and iodin content 


' 1 
be reversed 


of the thvroid in a ven case of exophthalmiec goiter may 
without necessarily modifving the symptom-complex. 


Mvxedema does not precede: it occasionally accompanies, but usually 


supervenes late in the course of exophthalmic goite1 and is to be looked on 
is the end stage of thyroid insufficiene 

The mmediate postoperative mortality with its associated | oh ten 
perature and pulse-rate in uncomplicated cases, varies with the degree of 


wetiv ind thyroid hyperplasias and is most probably the result 
of the o1 nism’s profound general weakness and exhaustion The degre 
of act " nd t oid | erplasia is therefore the best index of 
i ‘ - T T ‘ i = is 
he essential physiological disturbance of the thvroid in exophthalmi 

£ 3 nsufl ency, ts reaction compensatory and _ its significan 
symptomat 

Not! Vi ‘ t icknowledge ir indebtedness to Profess G. N. Stewart 
for mat ! ind suggestions, and to Professor G. W. Crile for the use 











THE SYMPTOMATOLOGY OF TEMPOROSPHENOIDAL 
TUMORS* 


FOSTER KENNEDY, M.D., B.Cu. (QUEEN’s 


NEW YORK 


INTRODUCTION 
In a paper on the “Localization of Intracranial Tumors,” Byron 
Bramwell' has stated that in two cases reported by m in which the 
tumor involved the temporosphenoidal lobe, there were, practically speak 


ing, no localizing symptoms : 


I have been in the habit of regarding the temporosphenoidal lobe as, par 
excellence, the silent area of the brain. In the relative order with which they 
can be most easily and certainly diagnosed . I would place tumors in 
the following situations: (1 and 2) pons Varolii and medulla oblongata; (3 
centrum ovale (cases in which the optic radiations of Gratiolet are directly 
implicated); (4) tumors of the occipital lobe, involving the half-vision center 
or the optic radiations; (5) tumors of the motor area, in which the tumor pro 
duces irritation and gives rise to localized epileptiform convulsions; (6) tumors 
of the cerebellum; (7) tumors of the frontal lobe; (8) tumors of the upper part 
of the parietal lobe: and last of all, the most difficult to diagnose and locate 
(9) tumors of the temporosphenoidal lobe and especially, of course, tumors of 
the right temporosphenoidal lobe 
That the words which I have underlined represent an opinion very 


generally held is evident, when we find that writers of the emin 


nee 0 


Beevor? and Mills* have also in recent years laid stress on the great 


difficulty in the diagnosis of tumors involving the cerebral area below the 


Sylvian fissure. 


As an example of this difficulty may be mentioned the case reported 


by Alexander Bruce,* which, notwithstanding the presence « intens« 
headache, right facial weakness and marked disability in speech, was 
diagnosed as “hysteria,” but which on autopsy was found to have a tumor 
the size of a hen’s egg in the anterior third of the left temporosp enoidal 
lobe. 


*The author wishes to express his thanks and his great indebtedness to the 
members of the medical and surgical staff of the National Hospital, London, for 
their permission to make use of the material on which this paper is bas 

1. Bramwell, Byrom Localization of Intracranial Tumors, Brai: soo 


xxii, 37 


2. Beevor: Localization of Cerebral Tumors, Lettsom Lecture, Lancet, 1907 
1, 495. 
8. Mills: Tumors of the Cerebrum. 1906 p. 36 


4. Bruce: Tr. Med.-Chir. Soc Edinburgh, 1882, ii, 94 
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The consensus of authoritative opinion seems then to characterize the 
temporosphenoidal lobes as by far the most latent area of the brain. 


Thev are vast regions, practically uncharted, for in them experimental 


physiology has been able to assign definite functions to but comparatively 


small portions. Again, temporosphenoidal tumors are relatively rare, and 
observers have only exceptionally been able to study more than single 
isolated cases Hence, a systematic examination of the sy mptomatology 


( f this conditi n has hitherto heen impossible. 


During my residence at the National Hospital for the Paralyzed and 


Epileptic, I had opportunities for repeated 


f 


pile} examinations of a large 
number of such cases. 

In some, in which the symptoms were clear and the diagnosis certain, 
the patients, for various reasons, were discharged from the hospital] 
without operation; in others, death supervened and permission for 
autopsy was refused, in others, again, the growth was found to involve 


l 


not only the temporal but also the frontal, or parietal or occipital regions, 


thus possibly introducing doubt as to the causation of the symptoms. 

For the purposes of this paper all such cases have been neglected, and 
only those nine in which the lesion was proved to be confined to the 
temporal lobes will be reviewed. By thus rigorously confining my atten- 
tion to indubitable cases of temporosphenoidal tumor, I hope con- 


d 


vincingly to demonstrate, first, that such tumors present a definite and 
uniform symptom-complex, pathognomonic of tumors in this region and 
in this region alone; and, second, that not only can they with certainty 
be diagnosed, but that it is still further possible clinically to distinguish 
those in the right hemisphere from those in the left. 

It must be remembered that an intracranial tumor is not merely a 
localized lesion affecting centers in its immediate vicinity alone, but it 
also acts as a foreign body growing in a non-distensile space and pro- 


ducing in a definite and almost invariable sequence, compression of 


centers more or less remote. 
The symptoms-complex to be put forward later as characteristic of 
tumors in the right and in the left temporal lobes, are the result of 


systematic examinations of patients with especial regard to the effects of 


irritation or destruction of centers proved « perimentally to be situated 


in these areas, and also to the results of compression in all directions on 


adjacent structures; as will be shown, the success attendant on the sub- 
sequent surgical procedures has been considerable. 


It mav be said that the greater the latency of a brain area, the greater 
the difficulty in the diagnosis of damage to that area, but also, if accessi- 
bility be granted, the more safely can one operate on that area. 


The value of the removal of any intracranial growth as regards the 


restoration of normal health to the patient must depend largely on the 





‘ 
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‘ ree of latency of the rain tissue affected, and the ab 


patient to carry on a useful or comfortable existence without the aid of 
that brain area; the removal of a left-sided subcortical fronto-parietal 


crowth resulting, perhaps. in complete right hemiplegia and motor 
aphasia, is an enterprise not lightly to be undertaken; nor is a tumor in 


one of the pontine angles in a much more favorable position, in spite of 
the pow r of the unaftec ted lobe ot the cerebel um to « tfect more or jess 
compensation for the destruction of its fellow; but in the right tempor 
coy : ag : 
sphenoidal lobe we have a region comparative itent and eminently 


accessible. 
THE LOCALIZATION OF THE CENTERS FOR HEARING 


By extirpation of the posterior divisions of the t ee external tem- 
poral convolutions of each hemisphere, Munk® was able to produce com- 
plete deafness in dogs: by varying the area of cortex removed, he believed 
that he could distinguish separate centers concerned with “cortical” and 
“psychic” hearing, and also with the exact appreciation of pitch; the 
higher tones apparently were perceived in the anterior, and the lower in 
the posterior parts of these convolutions. 

} 


His views were not endorsed by Ferrier,® whose experiments showed 


that in monkeys complete deafness followed the cauterization of the 
superior temporal convolutions on both sides of the brain. 

The effect of stimulating the superior temporal convolution of one 
side was found by Ferrier,’ Hitzig* and Goltz’ to consist in a pricking 


of the opposite ear, wide opening of the eve Ss, dilatation of the Dp ipils and 


turning the head and eyes to the opposite side: all the secondary phe- 
nomena of audition. 

On the other hand, Schifer.® repeating Ferrier’s experiments, was 
unable to obtain the same results. 

Campbell® found that the temporal cor itions known as the trans 
verse gyri of Heschl differ from all other parts of the tempora e in 
the histological structure of their fibers, wl re corticipetal and evi 
dently represent the uppermost link in the chain of auditory neurones. 

Having reviewed the functions of the analogues of these fibers in the 
visual area, Campbell'® suggests that the transverse temporal gvri repre- 
sent the primary cente! for the reception of auditory stimuli: it follows 
that ablation of these convolutions from bot emispheres would result 

5. Munk: Ueber die Funktionen der Grosshirnrinde, 1890, p. 3] 

6. Ferrier: Functions of the Brain, 1886, p. 305 

7. Hitzig and Goltz: Quoted by Lewandowsky in Die Funktionen des ze1 


tralen Nervensystems, Berlin, 1907 

8. Schifer: Brain, 1888, xi, 143 

9. Campbell: Histological Studies on the Localization of Cerebral Function, 
1905, p. 169. 


10. Campbell: Histological Studies 1905. p. 161 
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in total deafness, and there are reasons for believing that the discrepancy 


} 


between the results of Ferrier’s and Schiifer’s experiments may have an 


explanation in the failure of the latter to remove these transverse 


convolutions. 


To summarize this greatly curtailed account, it may be said that the 
consensus of opinion—experimental, clinico-pathological, and anatomical 


—js in favor of the centers for hearing being situated in the transverse 
temporal gvri of Heschl and the posterior three-fifths of the superior 


Ii} 


rHE LOCALIZATION OF THE CENTERS FOR SMELL AND TASTE 


Broca™ in 1879. and Zuckerkandl'? some years later, demonstrated 
that in animals wit a highly developed sense of smell, there is a corre- 
sponding enlargement in the lobus pyriformis, which forms a large 


! 


t of the hippocampal convolution; it was also shown that the size of 


pal 
the pyriform lobule is greatly reduced in anosmatic animals, and degen- 
eration has been found in this same area after division of the olfactory 
bulb Of the same s 
‘he presence or absence of the olfactory sense in the lower animals 
ic dittic It to determine, but Fe rrier’” found that electrical irritation of 
the hippocampal lobule in the monkey, cat, dog, and rabbit, was followed 
the same reaction in all—a peculiar torsion of the lip and nostril, 


particularly of the same side; and ablation of this region was followed by 


Clinicopat rical evidence in the main confirms Ferrier’s view that 
t olfact i] robably gustatory centers are situated in the hippo- 
campal lobule, whi Hill’s'* observation that the gvrus dentatus of the 
cornu ammonis is the only structure wholly wanting in the anosmatic 
b n, tends meé rate to this i ition 

SYMPTOMATOLOGY 

The var s phenomena of intracranial tumors are usually separated 
into those produced by general pressure, and those produced by focal 
disturbance in the neighborhood of the growth. This division is one 
whit nanv times has been shown to be not only unscientific but also 
clinica fallacious. In the description of a series of cases having many 
points in common, however, it is convenient, and solely for this reason 
is it here retains 

ll. Broea, P Loealisations cérébrales; recherches sur les centres olfactifs 
fey. d’anthrop., Paris, 1879, ii, 390 

12. Zuckerkand! Ueber das Riechcentrum, Stuttgart, 1887 


13. Ferrier: Functions of the Brain, p. 316 
14. Hill: The Hippocampus, Phil. Tr. Roy. Soc. London, 1893, elxxxiv 
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A detailed examination of the symptomatology of the nine cases 
under review will enable us to ascertain the characteristic effects of tumor 


crowth in the temporosphenoidal lobes, and later to differentiate those on 


the right (Cases 1, 2, 3, 4) from those on the left (Cases 5, 6, 7, 8, 9). 
Signs and symptoms of general intracranial pressurt 
Headache 
Headache was present in all. It was rarely constant. It occurred at 
irregular and often at long intervals, and was usually spoken of as 


coming in bouts or attacks synchronous in many cases with nausea and 


vomiting. In only one respect. however, was it of uniform character—as 
regards localizing value it was little more than useless In no instance 


was the pain referred to the temporal region, and only in Cases 1, 4 and 5, 
was it more frequently felt on the same side as the tumor. In two cases 
the headache was occipital, in five frontal, and in two it was referred to 
both the frontal and occipital regions. 

It is impossible from a series of nine cases of tumor affecting a single 
brain area to draw conclusions applicable to other intracranial growths, 


but it is essential hers to emphasize that not in a single instance was the 


headache of thes tempore sphenoidal cases referred to the regions of the 
tumor site. Neither was there in any case localized cranial tenderness 


Vomiting occurred with variable frequency in each of the nine cases; 


two patients suffered from single attacks of short duration: three ha 
bouts at intervals of several months, and four were subject to attacks 
frequent but irregular pe riods. In all, nausea alone often occurred, and 
it invariably accompanied the vomiting which in no sense presented feat 
ures distinguishing it from that of gastric origin: thus, it did not conform 
to the “projectile type,” which by many is erroneously considered to be 
the essential characteristic of the vomiting of cases of intracranial 
crowt In four of these cases, nausea and vor ng were particula 
ssociated with subjective unpleasant sensations of taste and sme ul 

t might be argued that these features tended to prevent the appr , 
f the vomiting of classical type, but, broa speaking. the conditiot 

ind in this series, is identical with that w ( s in most “— 
tu situated above the tentorium cerebelli 

Pa edema 

Leslie Pato ent cht S stical « nee t \ 
e impossib of re ing stw ns as to t sit 
tromor n the cral ' t ? le AY é , " y ’ 

15. Paton, Le ( 1 S I | 1S \ 1]9 
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other of the optic disks. This iconoclastic opinion was at the time 
emphatically opposed by Sir Victor Horsley and Sir William Gowers, 
and their view has lately been endorsed by Risien Russell.*® 


Hence it mav be of interest to ascertain what diagnostic value this 


sign possessed in the present series. Bilateral papilledema was present in 
eight of my nine cases when first they came under observation; in the 
other, the condition developed within ten days of admission in the eye 
ipsolateral with the neoplasm, and was found in the contralateral eye 


] lavs hater. 


also some three or four d: ra 
In one case (No. 2) the condition was subsiding into atrophy in both 


eyes, especially the right, but in the remaining eight the type of 
papilledema was that usually associated with rapid onset and severe 
intracranial pressur Careful measurements of the degree of the 
swelling of the disks were taken in seven cases and were found to vary 
between three and ten diopters: the greater swelling was ipsolateral with 


the tumor in five cases and contralateral in one: in the last the edema 


was equal on either side. It must be again pointed out, with reference 


to the interpretation of these figures, that the only case in which a greater 


degree of swelling was found on the side contralateral to the tumor was 


} 1 } } } . } . } 
aiso the oniv case ll \ 1 the pathological process was in a retrograde 


condition, and that, accordingly, the true meaning of the appearances 


was that the ipsolateral edema was of earlier origin than the contralateral, 


had advanced further, and at the time of observation had more nearl\ 


] 


completed its life-history: that this is the explanation of the condition 


will be at once apparent when it is added that in the ipsolateral eye there 
was much old exudate, whereas in the contralateral there was none: that 
the retinal arteries were much more diminished in size in the ipsolateral 
eye, and that t icuity of vision in each eve is In direct proportion t 
the degree o irl Lh ¢ inge 

Sir Victor Hors! has many times pointed out the error of esti 
mating the severit ol pap ledema by the height of the disk swelling 
alone and has demonstrated the absolute necessity of considering as one 
complete picture all the appearances shown by ophthalmoscopic examina 
tion belore a I s s are to D ttain 

It is convenle ere to group retinal hemorrhages, retinal striat 3 
and e pnel nena ne I is mat i Og 3 rele tie ead g oO 
exud I Fel ore [ the ma cases t 
presen ~ ) exudates ss sa 0 al Ino 

16. Russel Risier The Cerebellum and Its Affect - ttsom Lectur 
Brit. Med. Jour 1910, p. 497 


17. Horsle Sir Victor Brit. Med. Jour 1910 
18. Gsunn Miar is Brit Med Jour OUT. 1 1126 
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Six of these cases had more exudate on the fundus ocu psolateral 
with the tumor, one had more on the contralateral fundus. and tw 
cases the amount seemed identical on the two sides The result of 
craniectomy on the condition of the optic disks was remarkable: six 
patients were discharged from the hospital, from four of whom a tumor! 
had been removed. In two of these papilledema had disappeared a mont] 
after the operation and in each of the other two it ha 1 subsided fou 
diopters; this result was associated in every case wit marked improve 
ment in visual acuity. 

In the two cases in which the tumor was seen t not ved 
papilledema completely disappeared. 

Leslie Paton and others have spoken of the frequency with wl 
patients suffering from papilledema complain of transient amb opia: 
seven of my patients complained of this syn ptom and spoke of it as 
having been productive of ve ry considerable distress 

Bordley and Cushing’® in a recent comn inication have advanced the 
suggestion that in cases of heightened intracrania pressure t e is a 
marked diminution in colo perception, and in cases in whi there 


obtains gradually in reasing pressure on an optic tract it has been long 


recognized that in the earlier stages of the disease there may be complete 


color-blindness in the opposite visual field wit] 


forms of visual perception.2® An examination of the pathological fin 

ings in my patients suggests thi probability o emlanopila o emia 
chromatopsia having been present during owing to the proximity « 

the growth to the optic tract and radiations. In all cases the existence of 
hemianopic defect was considered and negative as the result of 
examination. 

Five patients were examined perimetrically for va is colors; the 
sole abnormality discovered was the concentric contra tion of the visual] 
field so often associated wit severe especia W protract 
papilledema 

Fits 
Under this gene! title I shal] deseribe the several varieties « 


pyschical and physical phenomena arising presumably 


Irritation ol cerebral centers by tumor growt I temporosphel i 
lobes 

It seems mos conve nt as a pre n i measure to diy e These 
into major those attacks In whi cons usness Was st ind minor 
those in which consciousness was retained thou; in some ses 


transformed. 


19. Bordley and Cushing, H.: Arch, Ophth., 1909, xxxviii, 451. 
20. Swanzy, Sir Henry: Oliver and Norris’ Diseases of th Eve, N 
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All but two patients of my series (Cases 3 and 6) suffered at some 


¢ 


time or other from sudden attacks of loss of consciousness, associated 
with cyanosis, stertorous respirations and in four cases generalized con- 
vulsions were also present, with tongue-biting and sphincter relaxation. 
These seizures, in themselves, present little to distinguish them from 
those commonly seen in patients suffering from epilepsy of so-called 


idiopathic origin, but it is to be noticed that in all, a warning or “aura” 


of some kind was present, and‘in all, some disability either in speech or 


in the motor and sensory systems followed the attack. Patient 2, who 


had her only major attack in the hospital was found to have a condition of 
reflexes after the fit had passed, signifying that a greater stress had 


fallen on the right hemisphere than on the left—the left abdominal and 


epigastric reflexes being abolished, while their fellows were but slight 
? 7 y , 4 


diminished—and the left plantar reflex being of extensor type in contrast 
to a flexor response on the right side. 


] 
| 


In two other cases (1 and 5) tl 


. > o 
ere was a istoryv ol postep1 é 


ptic 
weakness in the limbs contralateral to the tumor, and patients 5, 6. 7 
gave an account of transient difficulty in speaking after each attack: the 
nature of this will be dealt with later. 


Those attacks which were not associated with definite loss of con- 
sciousness were of so varied a nature as to demand examination in 
detail 

Dr. Hughlings Jackson?! was the first to draw attention to a tvne of 

7 


nt ' pe 
epilepsy in which the general attack was associated with subjective sen- 


sations of taste and smell. These, he considered, were due to irritation 


of the anterior poles of one or other temporosphenoidal lobe. where Dr 
Ferrier by experiment had succeeded in loeali ing the centers for thes 
senses Follow ng the lu riven im bi Fe rrier’s expe riments. he called 
such seizures “uncinate fits.” and later was sble 4 sactantile Uae initiates 
of his hvpothesis bv the examination of the brains of ne rsons who. dur- 
ing life, had peen su ject to epilepsy of this dec ription. 

Sander,*? Lockemann,”* Westpl al?4 and SQ} lage r25 all ren rted cases 
of general epilepsy preceded rv subjective sensations of smell, in which 
tumors were found involving the frontal and temporal lobes: in all of 
these early cases, hows r, the olfactor libs or tracts were affected 
together with the ppocampal gyri, and from them no precise conclu- 
sion could accordil be reached regarding the functions of the last- 
named conve fions 

21. Jackson. Hughlings: Med. Times and Gaz.. 1876 

2. Sander, W Epileptische Anfille mit subjektiven Geruchsempfindungen 


Ar f. Psyc t 1873-1874, iv, 234 
23. Lockemann: Ztsechr. f. ration. Med., xii, 340 
24. Westpha Allg. Ztsechr. f. Psvehiat., xx, 485 
25. Schlage Ludw Ztschr. d. Gesellsch. d \erzte zu Wien, 1858 
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In 1882, however, McLane Hamilton** of New York published a 


case of a woman who had sustai 
afterward was subject to sudden 


times of smoke, sometimes of a fe 


ned a head injury in childhood and 
attacks “of disagreeable odor, some- 


tid character, which rose in her head 


and choked her”’—an experience almost invariably followed by general 


epilepsy. She died of phthisis two years after coming under observa 


tion, and was found to have a hemorrhagi pachymeningitis localized to 


the anterior and inferior part of t 
olfactory bulbs and nerves were u! 


In 1886 Anderson** reported a 


he right temporosphenoidal lobe. The 
iaffected. 


case of pituitary tumor involving the 


left temporosphenoidal lobe in which during life there had been par- 


‘ 


oxysmal attacks of “a rough, bitte 
ing, spitting movements and oth¢ 
be made later. 

Dr. Jackson** also drew atte 
variations of somewhat elaborate 
of unstable nervous control, and 
epileptic convulsion. 

( ompl x intellectual states oc 
mal” were alluded to by Herpin*® 


case: 


r sensation in the mouth” with chew- 


r phenomena to which reference w 


ntion to peculiar, transient, psychi 
character occurring as an expression 


often heralding or replacing 


urring as the initial stage of “grand 


in 1867, who reported the following 


Une jeune personne d’un ésprit trés-observateur racontait ainsi le début de 


ses attaques: “Je suis prise, sans cause 


mes yeux restent fixés sur un objet et 


, d’une tristesse subite, et 4 l’instant méme 


ma pensée sur une idée qui me rappelle 
} 


image trés-nette d’un ancien réve; Vidée fixe m’absorbe tellement que, quoique 


je regarde toujours vers le méme poin 


This “voluminous mental stat 


often associated with those crude s 


been mentioned above as being du 


and masticatory movements have 
a discharging lesion in the ne 


As a third association with dream 


sensation, invariably unpleasant a1 
intense tear. 

It is not claimed that these 1 
impressions, now known as dream 


of gross 


26. Hamilton M’Lane: On Cortical 
Med. Jour., 1882, xxxv, 582. 

27. Anderson, James: Sensory Epi 

28. Jackson, Hughlings On a Pat 
1888-1889, ii, 179 


29. Herpin: Des acc®s incomplets 


irritation o the tel ro 


t, je ne vois plus d’objet.” 


as described by Dr. Jackson was 


ensations of taste or smell which have 


e to irritation of the uncinate gyri, 
een trequent obst ( suggestive 
ighborhood i the gustatory centers 


states may be cited an epigastric 


id often accompanied by a feeling of 
1coordinated resuscitations of sensory 


vy states, can occur only as the result 


lepsv, Brain, 1886, ix 


ticular Variety of Epilepsy, ete., Brain 
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those cases in which they occurred, and organic intracranial disease was 
later found to be present, the lesion has invariably been found to be 
situated in the temporal lobes. 

That they may occur in persons who are to all outward appearance 
in perfect health is patent when one considers how many references to 
them are scattered through the entire body of English literature; nor 
need inquiry among apparently normal individuals be far extended 
before a “subject” be discovered. 

Descriptions of dreamy states show extraordinary variations, pos- 
siblv dependent on the severity of the attack, on the causative factor ol 
the attack, and certainly to a great extent on the power of the patient 
accurately to observe his experiences, and |Jater to clothe them in lan- 
yuage sufficiently concrete to be intelligible. 

The dreamy state is seldom associated with actual loss, but rathe 


with an alteration of consciousness; the patient suddenly becomes aware 


of evervthing being changed, yet very familiar; a feeling of reminis- 
cence, as though everything had happened before. so long ago that 
measurements of time are transcended: the feeling of old-time familiar- 


ity is so acute that it seems as though it must be that he surely knows 


what is about to happen; what the next word in the conversation will 


be: what the next movement of his companion will bring about. The 
sense of prescience is so acute as to give mental pain because of its 
inevitable unfulfilment: he stands for an instant on the very edge of 
the “unknowable”—the veil is about to be torn away—and then, as sud- 
denly as it came, the elevation of consciousness is gone and the common- 
place returns. That the condition is not of the nature of a memory 
Is apparent on questioning the more intelligent of those who experi- 
ence it; it is not even a memory half-grasped but still elusive—that, 
at least, is tangible though evasive; it is of ordinary experience and 
subject in the greater part to conscious control, but this is bevond al] 


things, beyond thought or wish, and beyond 


It has been said®® that attacks such as these are not found in the 


language to portray. 


uned icated or in persons incapable of entertaining abstract ideas. but 


] 


is 1 not more provable that subjects of lower mental development a1 


inable lucidly to narrate psychical phenomena of 


ous character as tax to the utmost the descriptive powers of some of 


such varied and nebu- 


the greatest masters of the English tongue? 


Tennyson says: 


As when with owneast eves we muse and br 
And ebb into a former life. or seem 
o laps far back in some confused dream 


| 
lo states of mystical similitude; 


20. Crichton-Browne. Sir. James: Cavendish Lecture, Dreamy Mental Stat 
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And again in “The Two Voices” 


Moreover, something is 
That touches me with 


Like glimpses of forgotten 


Of something felt, like 


Of something done, I 


Such as no language may 


I 


Krk 


or seems, 


KENNED) 


nystic gleams 


something 


w not 


wl 


dreams 


ere 


declare. 


Where defeat is almost a knowledged DY Suc a singer, how ci 
expect mute and inglorious patients to su ceed ! 
| Of the present series, seven patients gave an account oO atta 
“coming over dreamy,” during which they looked “dazed and lost, 
only two, both of whom were except ynal! int« vent, were api 
further to elaborate their descriptions 
The type of dream) state w] I have attempted to describe is 
ably the least complex of those wl are four issociated witl 
intracranial disease: in a considerable number the irritation o e | 
mental centers produ es, not mere a pe ir t t is man 
Dr. Coats” observation expressed it, but a subjective projection « 
thought. so that before the patient there aj s, as it were, a n 
or, more commonly, specter faces 
It may be sa dd owevt t cm ain ¢ ments ( ve ob} 
ind increased subjective consciousness, and a sens‘ reminiscence 
through all these primitive ms of mer { theme 
opera 
It is well-ni h impossibl to class the various modinfiecations o 
dreamy states which were present in these cases indeed, the te 


which several of the patients described 


} Poi 
no paraphrase could successfully 


For over twenty vears my fir 


convey 


t patie 


nt 


ir attacks were so vag 


meaning, 


had epil pti fits of 


nary character and without aurz, at intervals of three to s n 
In May, 1907, while dressing, s sudden] eard a bell ringing 
saw a “strange bad woman” clad in rags, and smelt a most evi 
which originated, she thought, in the stranger’s clothes: she fel 
ribly afraid “as though some awful thing were about to happe1 I 
was present and she complained of pain a 1 the heart. and 
pit of the stomach, and tingling throughout the inner aspect of t 
upper limb. For some seconds she seemed dazed d o| 
screamed, became suddenly unconscious and passed through all t 
of a severe epileptic attack whi n no wavy diff ron ! 
fits 

While in the hospital she had several such attacks in v } 
ever, the sensation of dread was often the first warning { 
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s emotion her facial expression invariably 
was that of one “facing an expected horror” ** (compare Case 2). 

The psychical projection in this case, in its elaboration and the con- 
stancv of its recurrence, resembled that of a patient of Dr. Hughlings 
Jackson and Dr. Beevor* in which, however, the vision of the “Tittle 
black woman engaged in cooking” was not associated with any sensation 

terror, but on the contrary was rather agreeable than otherwise. 

Neither of these patients was deceived as to the unsubstantial nature 
of her visitor, nor among other cases I have seen or read of was there 
one in which the patient doubted the subjective nature of the phenom- 
enon. An important feature of V. F.’s attacks was the occurrence of 


lue to “spread” of excitation to the 


post-Rolandic cortex—theoretically a probable and frequent event but 
in reality of rare occurrence as a result of tumor growth in the temporo- 
sphenoidal lobes. (Anderson’s patient,*’ to whose case reference has 
already been made, had attacks in which there was a combination of 


crude subjective sensations of taste with dreamy reminiscences of con- 
siderable complexity, pr faced by a “peculiar sensati n” in the arm and 
hand contralateral to the tumor. 

[It is necessarv now to consider the experiences of my s ond patient 


} ty 


a schoolmistress and an exceptionally intelligent woman. She was 


admitted in July, 1907, complaining that for two years she had been 
subject to “nervous attacks . . . sudden, inexplicable shocks assocl- 
ated with an indescribable feeling of terror and apprehension, which 
would pass off in a minute or two and leave me weak and trembling.” 
There was no loss of consciousness. These sensations were apparently 
causeless, and occurred several times daily quite independently of what 


she might be doing at the moment. 


Her general he Ith was unaffected. From January, 1907. she could 
distinguish two types of seizure 

1. Major attacks occurred daily, beginning with “an overpowering sensation 
as if I am going into a sound slumber . . . a kind of dreaminess; 
I feel prostrate , I know where I am, but my feelings seem unreal: a 
far-away unearthly feeling . . I know that I am myself all the time, 
neither I myself nor the things around me are changed, but the relationship 
hetween mvself and them is altered. I do not think I can speak in these attacks. 
I was in one when Sister came round a little while ago: I knew she was near, 
but I eould not ta the medicine: I could not explain to her why I could not 
take it I do not thir I ean move in these attacks 

“Sometimes there is a kind of buzzing, whirring sound, which seems unreal 
though not far off I do not take any interest in things, though I am aware of 
them I always try to find out what the attack 1s like; I am sufficiently 

2 Jackson. Hug ngs and Stewart Purves Case of Tumor ir Right 
femporosphenoidal Lobe, Brain, 1899 

33. Jacksor | Brair IS89-1 Si 8 
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I am experiencing in order to tell the 


fear I am aware 


doctors 


scious to try to remember what 
about it. Nearly always there is a terrible sensation of 


there is nothing to be afraid of; but the feeling of pure fear is as bad and 


horrible as it was at first” [a reference to the attacks originating eighteen 
months before] 
“This fear is not associated with any object or person whatever—I knou 


everything is all right but, nevertheless, this dread [of notl 


ling] persists during 


practically the whole of the attack.” 


She had no visual phenomena, and she had neither defective orienta 
tion of her limbs nor feelings of transference of herself in time or spac¢ 
Neither was there any sense of disturbance of the size of herself or 


} 


(Anderson’s patient had a sensation of “swelling” 


parts of herself. 
I 

+s ] 1) ’ , 
My ( aren aiways Know when 


the hand contralateral to the tumor. ) 


I am going to have an attack because of the movement of my fa 
they tell me I make champing, sucking movements and twist 1 moutl 
about.” 

These attacks were not essentially associated with sensations diffi 
culty in breathing or with any cardiac sensations, which were more often 
present in what she called: 

2. Minor attacks occurred ten or twelve times a dav They varied much 


“Tt’s a sudden feeling of hopeless despair, though I’m naturally always in good 


spirits. . . I know there is nothing to be despondent about It’s 
not in relation to any of my thoughts or ideas. I do not despair about anything 
but it’s just as hard to bear for the time being” 


“Other unhappy, uncomfortable sensations may constitute 


I can’t find adjectives to express I want to know what thev are all 
ubout . . . they seem so strange, and without cause . . These sensa 
tions never seem to be real even when I am feeling then I know they 
have no cause, but I can’t throw them off.” 

In August, 1907, this patient for the first time began to f) 
quent subjective sensations of smell: 

“It comes several times a day, and bears no relationship whatever to my 
other attacks. I am quite certain of this It often lasts as long as 
ten minutes: it seems to be in the ward round about never in the nostrils 


it seems to come from somewhere on my right: what makes me think it is my 


own creation is that I know I don’t really smell anything.” 
‘This smell is neither pleasant nor unpleasant; it is not of the nature of a 
scent nor a perfume but rather like something in a 


factory or a brewery it 
have never smelt anything like it before.” 


is quite unfamiliar. . . . I 


She never had any subjective sensations of taste. 


On Oct. 16, 1907, she was sitting up in bed writing a letter, when 
she suddenly felt “‘a strange sensation of dread ( eing ov 
pe we red “ Ss : overwhelmed.” 


‘At the same time I felt my neighbors must have known what was wrong 


with me, that they must be looking at m« ; I seemed almost to know 
what was passing in their minds about me just as if there must have 
been some ‘wireless telegraphy’ between myself and them Then things seemed 


] there were a lot of loud 


different as though I were somewhere else 


voices I don’t remember ny more” 
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She then uttered a shrill cry and fell backwards and to the right: 
she became cyanosed and breathed stertorously. The left side of her 


face was contorted; the upper extremities were adducted and semiflexed 
at the elbows; the hands were tightly clenched. This rigidity was main- 
tained for a few seconds and succeeded for some ten seconds more by 
slight jerking movements of all four limbs. 

Five minutes after the return of the corneal reflexes, she was found 
to have marked weakness in the left side of the face, of supra nuclear 


type, exaggeration of the deep reflexes on the left side, abolition of the 


left abdominal and epigastric reflexes, while the plantar response of the 
same side was definitely of the extensor type. The reflexes of the right 
side were normal in all respects. 

Reference may now be made to the five remaining patients of my 
series who complained of sensations analog to those I have just 
desc ribed. 

Patient 3 never complained of “attacks” at any time; he spoke of 


} 


frequently hearing “a sound like singing,” 1, however, he was 


unable to describe in any further detail. 


} 


Patient 4, for three months previous to admission to the hospital, 


was subject to “sudden attacks of faintness and dreaminess” during 


which—according to his wife—“he looked dazed, and had a far-away 


look in his eyes. 


These fits were frequently accompanied by a “sudden taste in the 
mouth—like ink,” and a sensation of smell, which he never described 
but always complained of. 


1 
} 


He was under observation for but three days, during which he was 


evidently suffering from very severe general intracranial pressure with 


consequent mental impairment; further details of his seizures were there- 
fore not obtainable. 

Patient 5 was subject to “sudden attacks of strangeness . . . I 
get a swimming in the head, not a dizziness exactly . . . I feel 
dreamy . . . but I don’t lose myself,” i. e., he did not lose conscious- 
ness. This patient never had subjective sensations of any special sense. 

Patient 6 had had attacks since May, 1907, in which he “looked 
dazed and lost.” He did not lose consciousness in these seizures, but 
while they were in progress he became completely unable to recognize 
his surroundings or to tell where he was—and although he had been a 
sailor for many years he was without power to distinguish the points of 
the compass as long as this curious mental state persisted. He never 
suffered from loss of consciousness nor convulsions, nor had he at any 


time any crude sensations of smell and taste. 





a 


erento. 
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Almost completely analogous to the condition of this patient is that 
of one reported by Sir James Crichton-Browne,** who “in youth and 
manhood was distressed by brief seizures which may be described as loss 
of orientation, but which he himself nicknamed “a topographical topsy- 
turvy.” Generally, when out walking and alone, his consciousness of his 
geographical bearings became momentarily confused, and this without 
vertigo or apparent movement of objects from side to side. 

Patient 7, for three months before coming under observation, had 


suffered from frequent subjective sensations of taste and smell, “like a 
vapor inthe mouth . . . likethesmellofsmoke . . . the smoke 
of a foul pipe . . . coarse tobacco.” This sensation prefaced three 


attacks of loss of consciousness and generalized convulsions, but also 
frequently occurred alone. The patient had no dreamy states, 

Patient 8 was a woman who had had, as was found at the operation, 
long-standing ventricular distention ; in addition to suffering from a con- 
siderable degree of aphasia, she was mentally inarticulate. For seven 
years she had been subject to attacks of major epilepsy, prefaced by “a 


horrid smell of rotten fish,” and followed by transient difficulty in spee« 


ad frequerit sudden 


In addition to these more serious manifestations she ] 
attacks “of coming over dreamy,”’ which may have been the result of 
increased intracranial pressure but which, in so far as each was invariably 
preceded by an olfactory aura, were in all probability produced by a dis- 


lesion in the region of the uncinate gyrus of one or other side, 


charging 


spreading to the adjacent temporosphenoidal convolutions. 

This patient had many such seizures when under observation; she 
would suddenly exclaim, “Oh, the smell,” make smacking and spitting 
movements with the lips, and gestures of disgust and repulsion. He 


face would become pale and anxious, and her eyes fixed on some far- 
distant point. She usually answered if spoken to, but in a low colorless 
voice ; consciousness was never lost and the reflexes remained unchanged. 
The duration of such seizures was usually about two minutes. 

During the five months previous to admission to the hospital, Patient 
9 complained of “an almost constant horrible taste in the mouth.” For 
the same period she was subject to momentary losses of consciousness, 
with frequent sudden lapses of memory for the names of familiar objects ; 
she had no dreamy states. 


. , 
Sneech Di fects 


From cases of neoplasms producing functional depression or destruc- 
I 


tion not only of sharply limited and contiguous zones of brain tissue, but 
also of areas situated at distances varying directly with the size of the 
tumor, the rate of its growth, and the degree of ventricular distention 


34. Crichton-Browne, Sir James: Dreamy Mental States, p. 16 
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it has created, it is impossible to procure precise data of the cerebral 
localization of the several attributes of speech. 
Such data have been acquired by the study of the effects of experi- 


mental lesions, and by the investigation of cases in which the lesions 
were of sudden origin, of definite limitation, and decisively destructive 


in their results. 
The effects of tumor formation in or near centers concerned in speech, 


alized, differ materially from those produced by vascular lesions 


in the same situation, and consist, at least in the earlier stages of the 


l in deterioration rather than in abolition of function of the 


disease, 
centers and their annexes. 
We are now mor immediatel concerned with the auditory center. 


hic} has been shown above, is probably situated in the transversé 


temporal vri of Heschl and the posterior three-fifths of the superior 
noidal convolution. The subdivision of this center into one 


te m por ysepne 
] 
; 


area immediately concerned with the appreciation of ordinary and of 


musical sounds, and another, reserved for the interpretation of heard 


speech, may for our present purpose be neglected, inasmuch as the size 
of the lesion in these cases precludes the possibility of such minute 
differentiatioi 

rhe center for heard speech is almost certainly situated in the left 
hemisphere in right-handed persons; in nearly all cases of sensory 


iphasia occurring as the result of injury to the right temporosphenoidal 
anomalous circumstance has been discovered to account for 
the condition. It was found by Oppenheim*® in two cases of affection 
of the right temporal convolutions that in one, there was acquired left- 
handedness in a woman aged 59, who had been forced to use her left hand 
for all purposes owing to injury at the age of 17 years; in the other case, 
there were two tubercles in the right temporosphenoidal lobe and aphasia 
is reported to have appeared only when the patient was already moribund 
and—according to Oppenheim’s assumption—as the result of toxic action 
on the auditory speech center in the left side of the brain. 

On the other hand, sensory aphasia was absent in a case of tumor of 
the left temporosphenoidal lobe reported by Westphal,*® but here the 
patient was left-handed. 

These anomalous cases in no way disprove the overwhelming evidence 
which establishes, as securely as anything can be in medicine, that in 
right-handed persons destruction of the posterior part of the left superior 
temporal gyrus will produce inability to understand heard speech, and 
abolition of all memories for spoken words; that destruction of the left 
supramarginal and annectant gyri will cause failure to understand writ- 

35. Oppenheim: Quoted by Bruns in Geschwiilste des Nervensystems 

36. Westphal: Bruns in Geschwiilste des Nervensystems. 
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p to consciousness DV a great 


e aid of an additional cognate 


sper in these cases consists 
er names and nouns, for which 
planation: 


vy is the word to designate it fo 


gotten when the memory fails. Probably the only reason for this is that the con 


ceptions of persons and things are more loosely connected with their names than 


are the abstractions of their circumstances, re 


lations, and properties Ve easily 


represent persons and things to ourselves without names; the image of sense 


is here more important than the symbol—i 
little to our compre nsion of personages or 

More abstract neceptions, on the contrar 
of words, which alone give them their exa 


e., the name, which conduces but 
objects 


vy, are attained only with the aid 


‘t shape Hence verbs, adjectives, 


pronouns, and still more, adverbs, prepositions and conjunctions, possess a much 


more intimate relation to thought than noun 


s. We can conceive that the pro 


cesses of excitation, and the combinations in the cellular network of the cerebral 
cortex must be mu more numerous for the creation of an abstract than of a 
concrete conceptior ind that the orgarie tracts which connect the former with 
its name must | respondingly much nm numerous than those of the 
concrete 

Chis inab ect names results in a mode of expression which 
which mav b 1 elliptical or figurative. The various attributes and 
uss lathe t ect, tne 1 me Oo \ cannot be re al ed, are wel] 
remem bere al described pP ent 7. when asked what he had 
for breakfas 

0 s I can’t think of th for T ki what 
it is \ sugar with i I kr that 

Port 

Ve that wo! lhen sor ( ite N not che lat 

I n't f e name ; 
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I t t Then bread and but 

\ othe ({ ~ ) vi el al wl S0OVE cescribe it as 

( ty | eo mone 

Is it sovel . 

\ letter she de ed as i bit ¢ in envelone was ca | 
something to put a letter 1n 
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1 tountain-pe! e ol those patent pens 

Patients whose facultv of word recollection is still further degrade 


ave remarkable difficulty in preventing 
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stress is produce tamu ater t ! 
T idié 

\ bul of keys was show Case 

I now thos made we \ t 

“What are they for 

‘To lock the door with I can’t ! th vord 

Shown a po ket knife 1 shove pu na po t n \ 
cnife he shut it and said “knife” at 

Shown a pencil “shovel,” but whe it is given t ! 

Shown a watch he named it properly, but or 
said “watch chain,” yet when it was given to him n ! 
striking a light 

When shown a handkerchief he s i watch 
but a penny being then produced he sal ‘han é 

handkerchief . . No! penny 

Verbal perseveration in spontaneous spe s t 1 
excitability of the auditory word center and o s : i 
fatigue** and old age. But the preponderating 
ot perseveration of inapt expressions, in spite visua ( 

" . : 
ind comprehended, must be a loss of function in 
association fibers. 

So far were these patients eing word-deaf tha 
tory path was the only avenue Ww 1 recollectior 

nl ] } 3 rot ' ] y ; 
stimulated, and 1t mus rf ed ere I ¢ e ‘ 
patients—5, 6, 7, 8, 9—in whon e growth o red ‘ t 

1 ; x ies - a 1 
sphere producing difficulty in the recollection of words ght 
degree of word-deafness. Spoken commands ws wecurat me 
eir verbal mistakes were in ite recogn Ss ! 
uttered and heard: and their pov of discriminatior 
words was exhibited by tl ict that al I rat I ! ! 
nvariably rejected. 

Reading aloud and copying we th we 7 t ! ’ 
out; writing to dictation was less well performs As an examp f 
spontaneous writing in whic] tther cases. word foro ness al 
perseveration are manifest. may | ppended a letter writte1 Pat 
~ toa friend who was 

Q y 
Jin~ ~~ 
7 a aA ~ 
J pa a au — F hil 
j , > / 4 4 Uynr 
4 . — ne a~ “fA 1 ete 
Rial hr Pra ~ & Ss a 
Ty 65, SO SR get hash /& 
7, / / 
aehe he rele, Pha Laat te tm tM 
‘Tan ps- 
df Qe 
AN 

Fig. 1 Letter written by Patient 7, showing loss of 
perseveration of error. 

38. Myers: Text-Book of Experimental Psychol 1909, p. 144 
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Before leaving the subject of the type of aphasia found in these 
patients it may be stated that in no case was there any defect in articula- 
n, and that the f patients in whom the growth was in the right 
¢ sphere, failed to show any disability in speech whatsoever. In a 


est ases the patients were right- 


ictory and gus enters, W was obtained in so many of thes 
atient I ) ~ Was ere ipsolute oss ot the sense yf sme | yr taste 
lv one (( ) s there relative ss, and it was uniform 
vilateral 

Hearing: Case lave een cescribe rom tin to time of complete 

itera! eafness, resulting from destruction of the opposite auditor) 
center, but this effect has not been experimentally obtained. Moreover, 
Gowers*® is opposed to the possibility of such a condition being other than 


transient. and the same contention is maintained by Bruns,*® who states 


that acute lesions of one or other auditory centers are accompanied by a 

merely tempora eafness in the opposite ear Further, on anatomi 
junds, owing to t ncomplete decussation of the cochlear fibers of the 

1uditorv nerves." ea auditory center is proba connected with bot 

labyrinths. M firms the contrary, but Lewandowsky* has experi 

mentally pr that dogs retain perfect hearing after the removal o 
e labyrinth ar torv center of the same side. 

Beev« juotes ee cases, one of complete, and two of partial deaf 
ness in the eat mm the tumor, but he does not state the conditi 
ot the pe! pheral auditory apparatus. 

Two of 1 nine patients heard imperfectly on the side contralatera 
{ e tum il (Case 6) whose tumor was on the left side was 
unable eith« one conduction to hear in the right ear: this 
condition was of old standing, and was attributed by the patient—a 
cunner Oa Oo I rar e, alte Ww eh ne ad suffered rol onsid 
erable oht-sicde earache without deafness: it was not until a few 
months later t e noticed that his hearing was defective 

In these three cases the tympanic membranes were normal. 

In my other cases hearing was unaffected and we must conclude that 
n temporal tumors, auditory mpensation by the opposite center usua 
occurs part passu with the tumor growth. 

\ s l i¢ T vas iff ed to the extent state 1 lt eac! is { se€ 
ypendix) n the changes associated v papilleder Che 
39. Gowers, Sir Willian Diseases of the Nervous System. i P84 
10. Geschwiilste es Nervensystems 

1S fer and Symir ton: Quain’s Anatom) i, part 1, p. 139 

I Die funktionen de ent N systen I 7 
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n the \ extremit In four of these five cases, however 
face was marked iffected, another point was noticed, that 
vhat is usua seen in facial paresis of supranuclear ty] th 

ression was elt I )= ir greatiy diminished . the affects 
‘] e can be » di t that this condition was the res 
ting on the tic thalamus, which Nothnage 
any vears ago ft portant reflex cent emo 
n 
The } ome vas best shown In refiex is en 
were made t being tickled; w this s t 
atient vhon on was most noticeabl t 
ce wrinkled i ter, W cht s emain 
smooth r some seconds, after which the rht cle « 
\ evater ) I ess degree than that of t posit 
\ [ ( al s alrea een ( ed te 
The re nial nerves e unaffected 
fotor Sun s Apart From Those Due to A l 
Nerves: Deen and Sune Refleres 
Pat | e leit that f iT! n - ‘ 
their fe , ‘ 7 nation fa at she il el n 
etween the t sides. Her gait was nor e deep reflex 

everywhere espectively « yn t geht and left side 
the plantar s were 0 e fle tvpe, b the lef 
reflexes wer depressed. al epeated stin 

ch mo qu than the t 

Rosenba : st to point out ses emiplegia 
of the abdominal and epigastric reflexes on the yf the affected 
ind now they n e regarded as the most sensiti ndication 
mencing pressure on the pyramidal tracts. 

Grail Stewal has pointed out their significan n ca 
rontal tumor. in which there is backward pressure on the pre 
cortex, and their importance in this series is apparent, as in e 

their inequality was a mate rial d to diagnosis 

The second patient was without motor symptoms, when s 

rst under observation, but in the course of the following six 
er left leg gradually became weak, thou t was not possible t 
inv loss of strenet the left unne extren 

Tl Is eV dence wily cum la lve ess on. the pel ) 

placed leg ers of the internal capsule corroborated that given by 
condition of the reflexes of the left side. the super 
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| nd the deep exaggerated, though the left plantar response remained of 
the nex type, except lor a short tin ait the patients onti'\ majo 


reflexes was the sole indication of pressure on the pyramidal fibers: 
ere was no loss ower ina mb, and the t was nor Neithe 








cether with tl resence | ile pes cavus, gave rise to the suspicio 
that Friedreich’s disease might be a complicating factor: there was no 
ther clinical evidei to support this hvpothesis, and no degeneration 

= later foul the poste ( eral ns the spinal cord 

1) venerat DOs LE I thie sp) i 0 is he 
shown to occur with considerable requel Ss | ntracrania 
tumor, as a result of traction on the posterior roots irachnoid diste1 

n, produced ncrease ntracranial pressure.* 

or absence of the deep reflexes has been usually t 

ep degree of this posterior spinal change, but absence « 
the cases of intracranial tumor has been observed, w 1 mn 
emonstrable ing a on ed n hy part a I Those 
ses In W h the growth was s ited the temporosphen es 
Patient 1 me ss of powse the nor were s movements 
itaxic whlie fhe emi ed il ( ow s atte t stand right 
vas verv ba ormed sway rect ickward, al n trving 


ink vou certall ive i ! e not been supp He sa 
no dizzines t that he st wuld not stand up st t 
‘ 4 ’ ' 
tubation of this kind has been describ efore as occurri 


) rega t as due to interference with Tiirck’s bundle, whi tes 
e pons and the poste part the temporosphenoida e, whe 
Mills assumes the existence of a center f entatio1 
\) enti phenomenol was observed t e¢ nore ) <4 « 


( I seas t ntracral tens | ome extrel 
ne ere mpression rainst 1 ‘ ‘ ’ ? 
{ oO! ) ery ‘ 
he ( n « the re fl es ! rt < }< Tl restin 
nee-é I vt i ( s wert sent nee-i¢ Vs 
lepress e abdominal! and epigastric reflexes were not obt 
elthel s while ; a nm reflex + y ty 
i ’ f eey enexes n t ar extremities were 
illy ris he suspicion « tabes dorsalis bei f Cor stent wit e - 
17. Batten and Collie Brain, 1899, xxii, 471 et seq 
18. Mackenzie, Sir Stephen: Brain, 1884, vi, 22 
19. Hlorslev. Sir Vieton Ir. Otol. So Londor 1905. \v 77 
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eontracted no hemianopia swelling of right optie dis sD. of left 5.5D 
irlv atrophie changes in bott Paresis of suprat ‘ type t eft fT ' 
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ice 


blood.*?: An explanation for the necessity for the extensive disintegra 


tion of the protein molecule has been offered as follows: 


“Every species of animal—in fact, every individual—has its specifically con 
stituted tissues and cells If the diet were always the same, the formation of 


the tissues might bear some close relation to the components of the food rhe 


d the 
omnivora, is exceedingly diverse in nature and to make its organism independent 


diet varies, however, and, especially in the case of human beings a1 


I 


of the outer world in the matter of food taken, it disintegrates the nutrient it 
receives, and utilizes those components which may be of service to it in building 
up new complexes we 


Many important functions have been attributed to the intestinal wall, 
yut perhaps none of more significance than a selective power for the 
synthesis of amino-acids into serum albumins. According to this view, 
the intestine receives a series of more or less simple amino-acids and by 
uniting them in varying proportions forms definite compounds, probably 
serum proteins, to meet the organism’s requirements. The serum proteins 
are then drawn on to furnish nitrogen requirements for the specific 
organ or group of cells. This probably entails a further transforma- 
tion. Such a theory accounts for the necessity of the complete degrada 
tion of protein in the gastro-enteric canal and accords with the entiré 
absence of cleavage products in the blood On the other hand. this 
extensive degradation, svnthesis and further disintegration appears quite 
uneconomical physiologically. In the first place, only a comparatively 


] 


small amount of nitrogen is needed to rebuild tissue, and the excess must 


ve transformed into some form easy of elimination, all of which entails 
oss of energy and tissue waste. It is a matter of common observation 
that when protein is fed, practically all the nitrogen is rapidly excreted, 
and one is inclined strongly to believe that this portion has never been 
re-synthesized into protein. If amino-acids or other decomposition 
products could be found in the blood, the solution of the problem would 
be at hand. The failure to discover them does not disprove their presence, 
however, since the quantity in the portal vein, at any one moment, may 
be so small as to escape detection with our present methods. 

Whichever way one views this problem, the fact remains that sooner 
or later intermediary processes must be concerned, primarily with a 
series of amino-acids. These are the substances that must be metabolized 
in either case, and it is to some of the transformations that these com- 
pounds may undergo within the organism that I particularly desire to 
call attention. It is my purpose to indicate the possible bearing of certain 
types of intermediary processes upon problems in pathology, for it is my 
belief that the hope for a complete understanding of some of the phases 
of disease will be realized in proportion as our knowledge of intermediary 


processes increases. 
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ther : either a lack of carbohydrates, as in prolonged starvation, or a 
faulty utilization of carbohydrate, as in diabetes, cirrhosis of the liver, 
or after complete removal of the thyroids and parathvroids, etc.°? It 


would appear, therefore that carbohydrate is the factor controlling the 
regulation of ammonia production.** Thus in prolonged starvation, 
ammonia in the urine may be greatly diminished by feeding carbo- 
hvdrate.**: ® In the solution of the problem as to the part played by 
carbohydrate, at least two possibilities are presented: 1. Carbohydrate 
ces the output of ammonia indirectly by its effect on the combus 
tion of fat, for it is well known that fat is burned much more readils 


when carbohvdrate is present than when the store of this substance in the 


body is reatly depleted 2. It mav be possible that the liver cell, for 
instance, is incapable of effecting urea synthesis in the presence of insuf 


ficient carbohydrate in that organ. The latter hypothesis certainly pre- 


] ] ] 


sents interesting problems, both for the physiologist and for the patholo- 


gist. Attempts have been made in our laboratory to follow this hvpothesis 


to its logical conclusion. JT 


‘he results thus far obtained, however, have not 


been far-reaching for the reason that it is exceedingly difficult to obtain 


the proper experimental conditions. The investigation has been carried 


out on animals entirely. In the first place, an endeavor has been made 
to remove the carbohydrate store from the animal’s body by various means 
with the hope of inducing increased ammonia in the urin¢ Prolonged 


starvation, phosphorus poisoning, a combination of the two, phloridzin 
intoxication alone and together with prolonged inanition, and cocain 
poisoning have proved unsuccessful in inducing increased output of 
ammonia. This result is in harmony with those obtained bv other inves- 


tigators (Jackson and Pearce,** Richards and Wallace.** Underhill and 


Kleiner** ) These facts by no means invalidate the hypothesis, for it is 
we nown from the researches of Pfliiger and his pupils that it is 
exceedingly difficult to get dogs glvcogen-free. Since it is well known 


that dogs are refractory in this respect, Inanition experiments were car- 

ried out also with the pig and rat, omnivora, and hence. presumably. 

allied to man in metabolism. The results were in entire accord with those 

with the dog \mmonia in the urine was not increased. From this 
} 


point of view it seems most probable that the decision of this question can 


be ob-ained most readily with the human subject. 


[f ammonia is to be regarded merely as an alkali for neutralizatior 
purposes, rather than as a toxic agent per se, it may be cited as a splendid 
illustration of the “factor of safety” pril ple enunciated by Meltzer‘ 
for other mechanisms. Ordinarily, ammonia is transformed to urea, t 

wid radicles are floating in the body fluids thev are rendered inert b 
union with ammonia, hence less urea is formed. Therefore, increased 
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When a fatty acid attached to the benzene ring is followed thi 


rganism, the changes wht ‘ ur are not quite 


I il 


narily, when fed to the normal organism, tyrosin, whic] 


nation, entirely fails of detection in the excreta. Not only has tl 
acid been decomposed, but the benzene ring has been broken, whic! 

ve regarded as a difficult chemical reaction The possible steps thro 
which tvrosin must be carried have been indicated by Neubauer.** TI 
s a class of pathological subjects that present certain anomalies in m¢ 
bolism. These subjects, alkaptonurics, excrete rine containing hon 
gentisic acid.’ For a long time it has been recognized that tyrosin 
to the alkaptonuric results in an increased output of homogentisic a 
Ordinarily, this substance s decomposed in t organism, but in the « 
of indivi ils t< t we d appear that this decompositio 
withheld rou The changes whi ead to the ormatiol 
omogent ilkaptonu né ence } ably s 
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nro hy] being ) I rdance wit the fo! ying 
é tio! 
CH, CH, CH, CH, | 
\/ | 
CH CH 
| } 
CH CHe 
! 2 > ' 
CH. NH, CH, 
i | > 
' 
coo H NH, 
(Leucin) Is@anmylamin 
| ( les ( : it ( 
e | { at the I ns ( { = lated e rie ' 
| 
efactiol ! stine ! re . ‘ 
The yhenviet il ( per erest : 
i] reasons ! st ] t was origi! solated Emersor 
om an t SIs increas an s mode « ormation from tvyrosin has 
wavs heen consicdere n ( | S OD\ s esent that It Was 





} } O € ne n 
" OH 
\ 4 \ou 
| | 
NO, 
cB a 
CHa cH, 
y ' 
NHe NH. CH, 
p-oxyphenylethylamin a 
x ( ! el il n has n action e! Sin ar 
enalin [« eprot ¢ both the mot and inhibitory effects 
nerves | SvI ithe ster It produces the motor 
owt t vitorv effects. Its action differs from t 
enalin in being weaker, and slower in onset, and in being less strict 
though mainly peripheral. It is absorbed from the subcutaneous tissues 
and the alimentary canal and produces its effects when so administered : 


Isoamviamin has a similar action. ' 
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on on the uterus. It is also probable that it is identical with the 
urehypertensin of Abelous and Bardier.* These observations also indicate 
the necessity for controlling al! possible sources of bacterial contamination 
when extracts of animal tissues are employed in demonstration of specifi 
action. Again, “Many observations have been published recently con 
erning the presence in the blood-serum and urine in various pathologica 
ynditions, of substances which cause dilatation of the pupil of tl 


enus leated eve ol] the frog Tl e tact tl at both these aml 
action casts some doubt at least on the valid 


hy\ 


v certain observers, that the 


is have this 
ity of the assumption, made 
substance in serum, 
effect. is adrenalin.”** On introducti 


responsible for this 
n into the body, the base is elin 


nated as p. oxvphenvlacetic acid.*® a1 


} 
anotner exvamp 7 


OH H 


CH, CH, 

' | 

cH, COOK 

i 

NH, oxyphenyl 
) acetic acid 

p- oxyphenylethyt- 
aemin 


When histidin is subjected to t 


1 to the action ol putretacti\ 


ynpound? is produced which holds promise of being responsible in a 
neasure for certain reactions which have long been unexplained 
H CH 
HN N HN JNe 
> 
Hc ¢ "wee 
an? 
CH.NH, eRe 
(600) # NH» 
Hislidin re iminazolylethylamin 
This substance, beta-iminazolvlethylamin, resembles in son sspects 


oxyphenylethvlamin in that both compounds are contained in ergot 
extracts, and both 


substances exert similar influences on the muscle of 

e uterus. In addition to the reactions possessed in common wit! 

p. oxyphenylethvlamin, beta-iminazolylethvlamin is capable of calling 
forth symptoms practically identical with those induced by injections of 
peptone solutions, or by serum or other protein in the sensitized guinea- 
pig, that is, produc ing anap!l wt shock I} ise has also a mild 
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aise characteristic of the previously men- 


IQ 


DIAMINES 


Cvstinuria has been given a great deal of consideration by investiga- 


tors for the excellent opportunity it afforded of elucidating some of the 
complex processes underlying the principles of intermediary metabolism. 
It has been and st is a matter of great uncertainty as to the origin 
and significance of cystin and the diamins, putrecin and cadaverin, which 


appear in the excretia of certain individuals. The appearance of cystin 
has been the subject of such widespread interest, and th 


» well known that further 


e results of study 


of cystinuria have been so extensive and are s 


discussion of this subject in this place appears superfluous.** 


On the other hand, the diamins have not re¢ 


eived so much attention. 


The structure of these bases is as follows: 


CH,..CH..CH..CH CH,.CH..CH,.CH,.CH 
NH NH 
Pentamethylendiamin 


NH NH, 
Cadaverin 


in hylendiamin 
Putrec in 


neuridin or saprin, is isomeric with cadaverin. The 


A third diamin, 
diamins are eliminated, not only in the urine but also in the feces. As 


been stated previously, they are found usual] 


associated with evstin, 


has 


although the condition responsible for the appearance of cystin in the 


urine does not seem necessarv for the condition of diaminuria, for these 
under certain other pathological 


I 


substances have also been eliminated 


conditions: principally, intestinal disturbances, as for instance, in various 


infections, in cholera,** dysentery, gastro-enteritis,** and from one case of 
pernicious anemia tetramethylendiamin was isolated.** The origin of 
these bodies appears to be in two diamino-acids that are products of 


normal digestio1 
From lvsin, which has the following formula: 


CH,.CH,.CH,.CH,.CH.COOH 
NH NH 


adaverin. with the following formula: 


CO, is split off, forming 


CH,.CH..CH,.CH,.CH 


NH NH 
Putrecin is derived ultimate from arginin, guanidin and amino 
valerianic acid. Kossel and Dakin** have demonstrated the existen 
an enzyme, arginase, in certain tissues of the body which is capable of 
splitting arginin into urea and ornithin. Thus: 
CH, CH,.CH,. CH. COOH 
NH NH CH,.CH,.CH,.CH.COOH 
C-NH NH NH 
Ornithir 
Nu 


¢ 








< elie 


ee ce 
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From ornithin, the formula for which is as follows 
CH,.CH,.CH..CH.COOH 
NH NH 
CO. is split off, forming putrecin, the rmula Ww 
CH,.CH..CH,.CH 
NH NH 
In intestinal disturbances, it is probable it thes nds are the 
result of the bacterial activity—indeed they may be the metabolic prod 
ts eliminated by microorganisms. In cystinuria, however, it is possible 


tl 


at a different explanation for diaminuria is pertinent. It may be 


assumed, for instance, that in the beginnin stinuria and diaminuria 
are brought about through a similar, or indeed tl 


indeed the same Cal 


7 
a 

r 

: 


or example, a gradually changing tvpe of metabolism ind 


unknown agency, resulting in an anomaly of metabolisn If the anomal\ 


is slight in character, cvystin alone is eliminated as a result, whereas if tl 
change in metabolism is sufficiently pronounced diamins are also ex reted 
[f this assumption is accepted, it is easy to explain w in some cases o 
vstinuria the diamins are absent. and that gradually one or both of the 


ompounds disappear. that cystinuria persists, but that evstinuria dé 
not cease and leave diaminuria. Thus far all attempts to produc 
diaminuria experimentally have been unsuccessful These bodies art 
nossessed of a certain interest. aside from their chemical significance in 
that. like nearly all the amins, they are more or less toxic. It has been 
: 


demonstrated experimentally that the diamins may also exert an influ- 





ence on certain intermediary processes. Thus, according to Pohl,** feed 
ne diamins inhibits certain well-known protective reactions which the 
rganisn Ss capable ot p ting fort 1s ’ nstance the forma n of 
g ronates and the synthesis of hippuric a 
| e Te oT these comp unds Wis TO ? T ) so! ict 
NI 
ther diamin, not found in the organism, 1 razin.** 
his subst = eve Ve l rY e 7T y the diamins just 
mentioned Its introductio1 nto the canisn 2 owed hb marked 
stological changes*® in various tissues, ¢ a er. In fact 
I a ym ¢ 1 &s supstance : a t sp i t vel 
ng fatt egeneration of that org Or the evtaniasm of ¢ 
= atta Although t 2 a : ' »nsforr 
the influence of hyd ! notice ne ' , 
nt mediar metab sm cal < ; } ; 
! cons nts 
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APORRHEGMAS 


In a recent communication Ackermann and Kutscher 








a new des oT : transti ] 
are formed by fe processes, whether in the animal or the vegetable 
kingdom. The term employed for these bodies is “aporrhegma.” It is + 
interesting to note the number of such compounds which may arise from 
putrefaction alone. The above-mentioned authors* ® have given a list « 
these substance ther with the amir s from which t iré 
derived 
> 
MI Are GMA 
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A methylated amino-acid was unknown in the an mal kingdom until 
completely methylated glycocoll was isolated in considerable quantity 


from crab meat. Accompanying methyl glycocoll was four 1 trimethvl- 


cH, _CH 
N—cHs O= N<——cH® 
~cx! 
CH,. COOK : 


Methyl glycocoll Trimethylamin oxida 





Under normal conditions methvlation « nino-acids s not occu 
to any considerable extent in 1 ily of the warn inimals 
owing probably to the fa such con nds aré t] iT 
at once oxidized and set is enerev-prod) material. When abnormal 
conditions ar nduced wever, a n phos iS polsonir wi 

1 ) : 
perhaps, ox ia vi pro¢ iit SS active ft iT il I tnviate 
compounds may observed 7 s the n lated ma mino- 
butvrie a 1 has been isc ited ntly m t ’ ’ re yned 
with phosphorus.** This s nee nhe = : cid 
bei r trans med nto ¢ ’ a , 7" ric d ther , tely 
methylated and eliminated 

Coo} } C 
[coo H CH..NH, 
\ 
— 
CH. NH, CH, 
f t 
H ——> H - 
C 2 CHa ——__-_» CH, | 
' j 
Ch, CooH coo 
' 
COOH ) amino- butyric methylated + amino- 
} 

Glutaminie acid acid butyric acia 

Ir T nts iT 1 t we T T - T T ] ‘ ~ an T | 
W a | t G é lir sistant to 
ecompe r tior su ( st Ner 
It ino-a y ie reg ' n the 
{ ' i ’ — ’ 7 7 t =] 
ire n ; , , } , P 

rl ( en ( tir ring 
NH 
NH NIT. ¢ 
CNH C-NH 

CH ( 

H,C-s rT. ‘ 

COOH COOH 

‘ as on 

coo 
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Cre (7 7 At present ns S , ‘ ta been oe 
xampl } mn pn = : a le aah es 
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sis eedingiv obscure It is known, for example, that under i 
physiological conditions creatin is absent from the urine and that creatinu 
elimination is practically constant for a given individual. This elimina 
tion, however, is ferent for different individuals, but bears no relation 


to t volume of the urine or the total nitrogen excreted. From a long . 
series of invest tions, it has been concluded that creatinin is an index 


fo some specia orm of normal metabolism, as vet unknown, but 


undoubted! onnecté with processes concerned with muscle tissue 
There 2 app nt 1 somewhat close re ationship between mus } 
ef] ind itinin eliminatio Creatinin excretion varies great] 
! abnor I ons, being increased in fevers and diminishes 

1 lary no ithological states Particularly striking is t 
cqdimil nin abn nal metabolist 1 cle tissue and 

t 

Ordina = absent m the I yut may be present in 

arge quantities certain pathologi conditions, especial] thos 
associated wit nanition, depression of liver function, or an abnorma 
ln ail aida The appearance of creatin in the urine under these 
circumstances might lead one to infer, by analogy with the presence « 


the betatr of amino-butvrie ar d noted previously, that when abnormal! 





processes are in order, certain chemical reactions are held in abeyance | 


resulting in the elimination of creatin as an incompletely disintegrated 


intermediary product. From the most recent investigations** concerning 
creatin and creatinin, it appears likely that there is an intimate relation ' 


ship between these substances and carbohydrate metabolism, althoug 


at present, this relationship is not more than a mere indication Fo 
example, creatin is present in the urine during fasting both in man and 


animals Administration of carbohydrate nder these circumst 


inces 





causes the rapid disappearance of urinal reatil If is also beer 
suggested that or function of creatin being a base. is to serve as at ' 
; , 29 , ' ‘ | 
ilka n the muscle to neutralize lactic acid which arises as a resu 
mus . Future nvestigations wW ndoubted revea 
Sig ! nterrelation of creatin eatinin, muscle and car 

ywheev of Folin. uttered a few years ago befor 
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observation in entire accord w 
processes of digestion and absorptio1 


Renewed activity directed toward the solutio 


cerning 


he normal presence of proteoses in thy 


the more recent investigations having to do v 


protein molecule in the enteric tract According to 


are absorbed into the blood, thus casting doubt on 
proteoses are broken into their simplest cl 

absorbed, and then further worked over into tl 
Opposed to this theory is the school that is unabl 
proteoses in the blood normally. Amid these 
servations, the apparent consensus of opinion 


absent from the blood under normal conditions.’ 


substances are introduced into the blood-stream. 


calling forth certain characteristic reactions, 


} 


changes in respiration, im reased flow of lymp (a 


I 
I 


tions, but causing a somewhat prolonged anur 
] h 


sidera e controversy as to whether pure proteoses 


older observations were su yected to seve 


J 
Spiro.*° who maintained that proteoses as such are 
the toxic principle is merely an adhering contamina 
the animal enzymes employed in the preparation 
According to these authors, this substance, peptozyme 
non-toxic by subjecting the proteoses to a certain 
Later observations,” howeve A have demonstrated I 
s erroneous, since proteoses prepared from the ac 
enzymes on vegetable proteins and also nat 
yroteoses induce the same train of symptoms as 


animal proteins and enzvmes. Moreover, cleavage of 


avag ai 

ret eldin stage does not p1 ce al symptoms 
tions of Po s t 1s col | tha star 
t Ss illed teose action ma f ed 

nt with ak ‘ Tr} my on c | " 

cording to Popiels ne t ! | 
it this inv rate is t I l 
om ] teoses, together t 1 now! t 
roteos re s le n ( ( igainst tft 

that the ses action ) i 

ind, t has el s rceste . t Y rt y 
) eptone”’ n Vf nduced t res 
minazolyletl ymin which is capable of ¢ f < 
very espect si to those 7 r t 
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exception noted is that beta iminazolylethylamin does not render the 
blood non-coagulable, which is distinctly characteristic for “peptone.” 
In our laboratory the observation has been made recently that the 
intravenous injection of proteoses pré duces a significant glycosuria. 
Coincident wit ippearance ol sugar int urine, there 18 a n arked 
> 
hyperglycemia | cause and possible sig ince of this reaction is 
. 
being investigated. It appears a little strange that, of the long series of 
investigations carried out with the proteose Injections, in not a singie 
instance is there a recorded observation i iting glycosuria When 
proteoses are inject nto the blood-stream, the major portion of thesé 
compounds prompt reappears in the rine, although there is somé 
evidence that they 1 partially trans ed into smaller mol es,?3 
Albumosuria, so-called, is indicative of the formation of proteoses v n 
the organisn nd is considered of importance in diagnosis Chus, 
albumosuria 1 served in suppuration of all kinds, resolution of 
pneumonia, it ition of the uterus, carcinoma, atrophy, eclampsia, 
leukemia, absorpt of simple and inflammatory exudates, febrile 
conditions struction of tissu nd cerating pulmonary 
tuberculosis 
| 
al 1 1 ' 
with! ‘ iV ! t wn into the bik stream ma e responsible 
some of the s ~ ! are cnaracterist of so} of the ahnorma + 
conditions cited. The fact that these substances ar¢ toxic is almost 
evit I ~ ) { }USst n 1 ! S in 0 S ‘ 
' 
compounds t and pat \ nts further investi- 


il one sm in tTnese mpi ( 1 S S ~ ns a | 
, , na fa4 tod, ’ t | ! t t 
e | Ss I { Stuay W te ( . ite the 
y tingt wtit , ; wt 
pres mn e] | Ss WI S l l in 
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oT ( \ o S ¢ ~ ~ yi€ 
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3 ( now! S es } ( Tl S 
I t I oxida n, a minat 0 et () ( I 
e , ) ymes active To I l I 
inot f ction ( n i 
‘ ly ’ ,. p . es Pay of 7 , y 
' } 2 Ordinar . < ? ] na 
4 4 .7~ r vy t t est ‘ erments 


undoubt portant réle in intermediary metabolism are not 
wi probably, however, not a1 nwarranted position to 
issume that the s types of reactions discussed it vious portions 
of tl 2 7 eT ive eT me activity as th I sasis 

With the acceptance of enzyme activity as the foundation of cellular 
hemical activity, hence, intermediary processes, it is easy to conceive 
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appreciation of the significance of small differences and changes in 


environmental conditions of the cell. 
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emouracet I I nt mM oweve Tire roced r sex] is Was 
essentially it Wohlgemuth except that the final amviolytic values 
the stoois were 1i¢ ilated n terms of drv matte! instead of on the h s}s 


of the moist sediment secured by centrifugation as Wohlgemuth suggests. 


In order to demonstrate conclusively the origin of the fecal amylase j 


Wohlgemuth® has made certain interesting tests. In these tests it was 
} ioe Mok f e4 —_ ea 1 +} | 
demonstrated it thie gation ot the pancreatic ducts of dogs caused the 
ces aS passed t ( in ase-ftree or to contain at the 1 st a minin 
quantity of t ! me WV vnhause1 has ew ise ind a? 
. 
lecreaser i I ses wit irt S the pancrea ; 
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oul in Table 1 | sublect « ~a ‘ I vas W and the purpos 
"\ the stud e influence of derate water-drinking with n . 
the etivit e pancreatic tig \ ft 1 fore period 1x 
IVs On a unife t. as already mentioned subject was found ¢ ‘ 
1 nitrogen e I is Was show! nitroge! lance 0.01 
. , , 
1 drv matter conter f 27.3 «1 ‘ t ‘ “ | t 


21. Wvynhauser Berl. klir Wehnsehr 1900. Ne 30 
29 The data for fresh and drv feces were obtained by Dr. H 4. Matti 


connection with ar er research } as eady been reporté 
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amvViolytic value of the stools per day. expressed in liters of 1 per cent 


starch solution which this feces would hvdrolyze under the conditions of 
the Wohlgemuth method. was 16.3 liters. Placed on the basis of “1 gn 
f dry feces” we see by an examination of the ita that the average cal 
3 unylolytie value for this period was represented by 597 ¢ of 1 per cent 
tarch solution 
Under the influence of the 500 water ingested at each me f 
a period of ten davs there was a market nerease in the amylolytic power 


of the feces. For example, the data from t first stool of this period 





ently dropped duri 
it the amvlolytic values for these stools. with a si exception 
(No. 14). were above the avera 


urthermore be observed that the average amvlolvtic value for the water 


A EE IN MRR NM a 

_— 

7 — 

= / 
f 
, 
f 

’ 


period, i. e., 1.145, was approximately twice as great as the average amy] 


lvtic value for the fore period. In other words the drinking of 1.500 ce. 

of water per day, at meal time, through a period of ten davs, was inst 
4 

mental in causing a virtual doubling of the amvlolytie a tv of the 


matter excreted during that period as compared with the fecal outnut 


e fore period during which minimal amounts « water wel 





duced to the low level of the for ‘ Ml 1 Stools as dropped we 
a much higher amylolytic plane than were those of the fore period. 1 
act is clearly brought out when it is noted that the corresponding va 
for the fore and after periods were 597 and 1,065 respective We { 


see that the stimulation of the factors which brought about the increa 


| 
j 
i 
: 
: 
; 


amviolytic power of the fecal output of the water period was not trans 
} + 
tor n characte In ot r words 1 , , ; vA 
nited to the time of its ingestion { tors leading t n ine! 

fecal amylolytic value were so stimulated bv the ingestion of the « - 
water as to continue their efficiency « ifter the water ration had hee 

again reduced to that of the fore period. Whether this pronour 

I ease 1n imylo vtic power observed to a | follow the ry ore 
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In the expe ent on the influence of moderate water drinking : 
(Experiment 2) E served as ject. A Col ns were t same as 
Lnose n t sir r experiment on W WIt!l the exception that the ; 


The « ned from the fecal examinations « s experiment are 

tab [ n J "4 In this instan pr mate nitrogen eq im : 
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0.485 gm. per ¢ \ ten-day water period then followed during whict 
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the average total daily amylolytic value for the fore period was 13.3, 


ee 


whereas the amvlolvtic value on a drv matter basis was 412. These values 


simply mean, as heretofore explained, that the average output of feces 4 


per day during the six-day fore period possessed the power to hydrolyz 


13.3 liters of 1 per cent. starch solution, whereas 1 gm. of dry feces . 

possessed the power of transforming 412 c.c. of such a starch solution. 
The water period of this experiment was five davs in duration as 

against the ten-day periods utilized in the experiments already discussed. 


However. the da ngestion of water was much higher in this instance 
than in either of the afore mentioned studies. In the moderate water 
drinking tests we caused the subjects to ingest 500 c.c. additional at ea 


meal or a total daily ingestion of 1.500 e.c. in excess of that customaril 


taken In certain « the r water-drin cing studies made bv us (Fowl r and 


Hawk’; Mattill and Hawk?*; also Wills and Hawk, unpublished), in 
which the influence of copious amounts of water was under investigation. 


the total volume of water added daily to the normal ration had been 


3,000 ex However, in the present investigation we were dealing with a 
subject. E, who was accustomed to drinking rather larger volumes of 
water than individuals ordinarily ingest and for this reason his water f 

1 . 4 


ration was fixed at 4,000 ¢.c. per dav during the water period in an 


attempt to place the daily volume at such a figure as should be copious 








for his organisn He felt no personal discomfort at any time during th: 
neriod in which this excessive amount of water was being dailv introduced 
into his system. 

; 


Under the nfluence of cop1ous water-drinking Tl 


iod, the amvlolytie activity of E’s feces was increased in an extremel 


1rough a five-da 
» 


Iv 


emphatic manner. Particularly was this true of Stool 12, passed on the 


urth dav of the period. Expressing the amylolytic values in the sam: : 

! 

manner as heretofore followed we find that the average amylolytic power ; 
of the feces was equivalent to a force sufficient to hydrolyze 80.3 liters of ; 


1 per cent. starch solution. Furthermore, if we transfer the comparison 


the dry-matter basis we learn that 1 gram of dry matter represents : 


sufficient amylolytic activity to hydrolyze 2,494 c.c. of 1 per cent. starcl 


solution. When we compare these volumes with those obtained during 


the fore period we are astounded at the very material increase in the 


a a a 


imviolytic activity which has taken place under the influence of 


copious water-drinking. For example, if we consider the drv-matter basis 


we see that the amvlolytic value has increased from 412 to 2,494, a most 


to rdbademanne” 


surprising increase of more than 600 per cent. in the amylolytic activit\ 
The question as to the proper interpretation of this finding, in so far as 4 
t relates to the functional activity of the pancreas, is discussed later o1 
In this experiment for the first time, we observed an amvlolytic value for fi 


the after period which was lower than that of the water period Evi 
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dently the stimulation of the copious water-drit ing was so pronounced 
in character in this particular instance as to rather militate against any 
further added stimulation after the organism was released from the imme 
diate influence of the water ingestion. That the influence of the water 
extended somewhat beyond the time interval during which it was actually 
being ingested is gathered from the recorded average amylolytic values 
for the after period. These values are nearly 45 per cent. above those of 
the fore period thus indicating an after effect which persisted for a time 
at least, after the period of high water intake had closed. 


INTERPRETATION OF FINDINGS 


The foregoing discussion of the various experiments embraced in this 
study has indicated clearly that when either small or large volumes of 
water above those customarily ingested were taken at meal time that the 
resultant fecal matter possessed greater amylolytic activity than did the 


feces passed during periods in which these extra volumes of water wer 
not taken. How is this finding to be interpreted? It has been estab 


lished that an increase in the activity of the pancreatic function will b 


indicated by the appearance of an added excretion of pancreatic amylase 
in the feces. This fact would of itself cause the feces in question to 
possess an increased power to hydrolyse starch solution. On such a basis 
Wohlgemuth has su sted a method for the « titative determination 
of the amv! tic } er of the feces This power. according to Wohlge 
muth, is due entirely to the ability of dilute solutions of the fecal amylase 
to transform starch into substances which no longer give a b color 


results as indicating that the pancreatic function has been greatly stimu 
lated under the influence of e water-drinking at meal-time a1 that 
consequently larger quantities of pancreatic amylase are present in the 
feces passed during the water period, thus giving to the fecal matter a 
higher amylolvt power than that possessed by stools dropped during 
previous periods in which the water ingestion was minima! 

We began our investigation under the impression that Wohlgemuth’s 
method would furnish us with accurate data, and nothing occurred in the 
course of t experiments to cast any doubt on the validity of Wohla 
muth’s « m 1 in examination was m eo final st (17) in 


the water period of Experiment 1. Here for the first time in the course 


of our studies the entire series of seven tubes of 1 per cent. starch solution 
} ] } { 4 | 

showed complete digestior As soon as this fact was determined another 
series of ten tubes was prepared and again the entire series was con 


pletely digested. Not caring to rely on data obtain from further 
extracts because of the possibility of changes having taken place in the 


feces, we examined no further series. A similar observation was made in 
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connection with Stool 12 in Experiment 3. In our search as to the cause 


of this surprisingly pronounced increase in the amylolytic activity of the 


stools mentioned, we observed that they each possessed a verv pronounced 


1 


acid reaction. We were familiar with the findings of Chittenden and 


} 


Griswold,** which were later confirmed by Vernon** to the effect that 


amvlase (salivary) is inactive in the presence of 0.009 per cent. hvdro- 


} \ 


chlorie acid. At the same time we were familiar with the further fact 


that it requires an acid concentration much above 0.009 per cent. hydro- 


chlorie acid to hydrolyze 1 per cent. starch solutions under the conditions 


of our experiment. Furthermore, in the experiments of Vernon to whic 


reference has already been made, as well as in others by Schierbeck,.?* it 
has been demonstrated that certain proper ac! 1 concentrations below 0.009 
per cent hydrocl ric ae d will facilitate the ictivity of amvlase This 


power was shown to be possessed by organic acids as well as by inorganic 
acids. In the case of hydrochloric acid a concentration of 0.004 per cent. 


was found to cause an increase of 400 per cent. in the amvlolvtic power 


of the enzvme, nereas 0.00835 per cent. lact a D Sos reased the amvlo- 
lysis neal 500 ner cen 

In nt of the ado e findings, we might interpre t efold increase 
in the amylolytic power of acid Stool 17 of Experiment 1 and the sixfold 
increase in the amylolytic power of acid Stool 12 of Experiment 3 as due 


to the stimulating influence of the acid reaction of the sodium chlorid 
extracts of the feces on the contained amylase. It obviously needs no 
argument to support the claim that the aciditv of these extracts could 
not of itself have caused the |} vdrolysis of the 1 per cent. starch solutions. 


Even had the feces possessed a surprisingly high acid concentration, this 
7 1] | 


concentration must of necessity have been so much lowered by the tims 


the series of dilutions of the salt solution extracts had been made as to 


rend r the acidit ~ of the latte r part of the series. at S of nol fluence 
in so far as their power to hydrolyze starch is « neerned. It is entirely 
possible that the amvlase was passed into t Intestine n increased 


amount on the days in question under the influence of the high water 


intake, that it there fulfilled its function of bringing about an augmented 


amvlolysis and that subsequently the reaction of the surrounding media 
was so altered by certain factors as to render impossible anv further 
activity of the enzyme. Therefore the reaction in which the enzvme was 


finally excreted from the organism by way of the feces was not. of neces 
sity, the reaction which the intestinal substrate of the pancreatic amv! 


possessed. Be t] it as 1t may, however. it is of course imposs ! le to come 


to any definite conclusion as to the extent of the stimulation of the 


activity of the pancreatic function on the basis of data collected from acid 
23. Chittenden and Griswold: Am. Chem. Jour., 1881, iii, 305 

24. Vernon: Jour. Physiol., 1902, xxvii, 174 

25. Schierbeck: Skand. Arch. f. Physiol., 1892, iii, 344 
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high water ingestion is also evidenced from other experiments made in 
this laboratory** which have demonstrated a more complete digestion and 


absorption of ingested fats and carbohydrates under the influence of 


water-drinking at meal time. 

It has further been found by us* that the carbohydrate content of 
the actual samples of feces listed in Tables 1, 2 and 3 of this article was 
lower during the water periods than during the period of minimal water 

en that the intestina 


content of these subjects was of a higher amylase concentration during 


] 


ingestion. This fact demonstrated definitely tl 


the period of increased water intake. Other things being equal we would 
expect a fair degree of uniformity between the availability of ingested 


carbohydrate and the content of fecal amylase. The observation of Brad- 


ley** to the effect that pancreatic lipase possesses greater fat-splitting 
power when its reaction mixtures are diluted with several volumes of 


water also goes far toward a substantiation of the theory of a pancreas 


activated through water ingestion. 

We have much to learn as to the alterations in the reaction of the 
intestine under different conditions. In the case in point we have an 
excessive quantity of hydrochloric acid passed into the intestine, under 
the influence of the high water intake, a quantity which probably, at 
times, is far in excess of that which may be neutralized by the pancreatic 
juice and bil The greater portion of this excess acid we may suppose 


to be neutralized by the ammonia which is produced in the deamidation 
, 


of protein material. This acid would therefore appear in the urine as 


ammonium chlorid. However. if there should occur a verv copious out- 


pouring of hydrochloric acid at a time when there was but little protein 


materia! available for deamidation and consequently a minimal amount of 


ammonia present for the neutralization of such excess acid, it is entirely 
possible that we might have an acid reaction due to hydrochloric acid 
extending the entire length of the large intestine. In that event the stools 
would probably possess a relatively high acid concentration. If the food 


residues remained in the intestine for an interval shorter than the normal 
} 


because of increased peristalsis, diarrhea, etc., acid stools might also 


result. 
The normal reaction of the intestinal contents is acid down to the 


ileocecal valye under normal conditions. Furthermore, carbohvdrates 
which escape absorption may undergo acid fermentation through the 
action of certain acid-forming bacteria such, for example, as Bacillus colt 
and Bacterium welch. A number of organic acids are formed which 
include acetic acid, lactic acid, butyric acid and succinic acid. The extent 


to which this acid reaction may be carried is indicated by Macfadven, 


32. Mattill and Hawk: Unpublished results 


33. Bradley: Journal Biol. Chem., 1910, viii, 251 
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Nencki and Sieber’s** finding of an acidity at the ileocecs 


lent to 0.1 per cent. acetic acid. This observation was m: 


I 


with a fistula at the end of the small intestine 


SUMMARY 


) 
vaive 


on a 


393 


equiva 


patient 


The problem studied was the activity of the pancreatic function under 
the influence of water-drinking at meal time. Normal men were used 
as subjects and were required to ingest a « uniform in all respects 

ym day to da Three experiments were n eac] | ent being 

| nt ee periods; a rep M1 In the s t was brought 
into nitrogen equilibrium through the ingestion of t ul m d sup 
mented by a minima! water ingestion: a wat ry} d ng W the 
wate Ingestion at meal time was increased m 1,500 1 t,UUU per 
l al I er pel 11n which t et co “a re 1 | 
iV Ol til experiments vere n tne ul 
water-< ng and 1n these the vi the i este ng 
the erlod was 1,500 c.c. per day or 500 cx a In the third 
experiment t nfluence « ] s water nki tu 1 and 

. ns I tne s t V s re ] I vest on ea d of tne W { 

od 4,000 ec. e that ingested in the e and after periods 

Th tic ag ty of t eces, denoting, rding to VW - 
oe t t ol | increatic an as pres t Line ces, was take! 
s the t t y e pancreatic { he ar yt 
values { S s dropped during t ds ¢ erate and « s 

ate drit ng meai-time were mu I : 7 n s r va s as 
determi! t stools droppe iring the p of mil il water 
ngestior nding may be int reted as indi ng that the dri1 
ng ot wat ais 1 Stl ted f I eas We make this 
nterpretation w certain reservat s 1 ng ns mn y 
trolled | t \\ cemut method [wo s s wer tered in the 
irse ( estigation which ¢ ed a pronounced acid reaction 
Inas is t asic pring ple f W lve? s met 1 is t] vdrolvsis 
starch solutions through the m ( nneuti al extracts 
he method does not give dependable data as to t se content whet 
su tools are ur examination Chis is e es illy in view of t 
act that it has n shown that 0.004 per cent. | ric acid w 
nerease the activity « amylase 400 per cent vine is U.UOY pe ent 
drochloriec acid w ise absolute | } of f - 
extracts, therefore, to hydrolyze starch cannot be taken as measure 0 
the amylase present unless precautions are t n to neutr the feca 
extracts and then make the conditions ur rm for tl tion of th 


enzyme if present. 
34. Macfadyen, Nencki and Sieber Arch. f. exper. Pathol 
1891, xxviii, 311 
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On the basis of the data gathered in this and in associated invest 
tions made in our laboratory and elsewhere, we are prepared to draw the 
general conclusion that the ingestion of quantities of water at meal-time 
ranging in volume from 14 to 114 liter stimulate the pancreatic function 
in two ways: first, a direct stimulation of the nervous mechanism of the 


pane reas brou t about while the water is sti n the stomach and, second, 


an indirect stimulation br ight about on the entrance of he increase 


volume of acid chyme into the duodenum. The drinking o 


ht e to bring about a more rapid and complete digestion 


meals ought ther 
and absorption of the fat and carbohydrate constituents of the 


observations verified by experimentation in our laboratory 
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THE IMMEDIATE EFFECT ON THE COMPLEMENT 
FIXATION TEST FOR LUES OF TREATMENT 
WITH SALVARSAN (ARSENOBENZOL) 


AN ANALYSIS OF 220 CASES 


CHARLES F. CRAIG, M.D.7 


WASHINGTON, D. ¢ 


In reviewing the literature on the result { treatment of lues 
with salvarsan, one is impressed with the unsatisfacto nature of th 


7 


data regarding the effect of treatment with this drug on the complement 
fixation test. It is now gen rally acknowledged that this test is the only 
exact index we possess of the efficacy of any method of treatment of 
lues; indeed, Ehrlich! does not hesitate to sav that “the observation of 


the Wassermann reaction represents the most valuable method we have 


of seeing clearly whether the syphilis is genuinelv cured.” and this opin- 
ion is supported by every authority having to do with the treatment of 


the disease. 
In view of the importance of the complement fixation test as a contro 


of the efficacy of treatment with salvarsan, I have thought that an analy 


99oO° } ; 


sis of 5 cases, showing the immediate effect of such treatment on 
the test, would be of interest and value. I have used the term “‘imme- 
diate effect?’ because it is yet too early to speak of the ultimate effect of 
this method of treatment on the con pl ment fixation test It is believed 


that the data obtained from the cases reported on are especially valuable, 


because in the vast majority numerous tests have been made at frequent 


intervals, thus giving one a more just conception of the exact effect of 


treatment with this drug on the complement fixation test. It will be 
observed that an early disappearance ol a positive reaction 1s more Ire 
quently noted in this series of cases than is reported by most observers 


largely owing to the fact that the tests were made at frequent intervals 
a practice possible only in the military service or where luetic patients 
] 


can be kept under constant observation for long periods of time. In the 


military service, also, it is possible to secure more accurate data regarding 
the date of infection and the nature and extent of previous treatment 

*From the Bacteriologiec Laboratory of the Army Medical School, Was! 
ngton, D. ¢ 

*Published with the authority of the Surgeon General, U. S. Army 

+Captain. Medical Corps, U. S. Army 

1. Ehrlich, P.: Chemotherapy, Ed. 1, New York, 1911, p. 11¢ 
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facts of great importance in any consideration of the effect of treatment 
with salvarsan on the complement fixation test. 

Before considering the results obtained in this laboratory, it is neces 
sary briefly to discuss the exact clinical significance of the positive and 
negative reaction after treatment with salvarsan. I believe that it may 


be stated without hesitation that a positive Wassermann reaction means 


the presence of living spirochetes and is always an indication for further 
treatment, provided a sufficient time has elapsed for the reaction to 
become negative, as shown by experience. On the other hand a negative 
reaction does not necessarily mean that all the spirochetes are destroved 
for relapses may occur after the reaction has been negative for weeks or 


even months. A negative reaction may, therefore, mean either a com- 
plete cure or only the destruction of a sufficient number of the spiro- 
chetes to prevent the appearance of the reactio1 The latter statement 18 


nee of cases in which the patients are suffering 


supporte 


} } } 1 1 } 


from a clinical relapse, but in which the complement fixation test 


remains negative for some time. In one such case the spirochetes wer 
demonstrated in the lesions at the time of the relapse, although the reac- 
tion was still negative, thus proving that the mere presence of the para 
sites is not always accompanied by a positive Wassermann test. Well 
marked clinical cases of lues are also observed, in which the Wassermann 


test is negative, although the lesions contain the spirochetes and no treat- 


ment has been administered. It would, therefore, appear as though t 
uppearance of a positive reaction depends on quantitative phenomena or 
on reactions of the tissues to the spirochetes which may not occur under 
certain conditions 

As I have stated the literature regarding the effect of treatment wit! 
salvarsan on the complement fixation test is limited in amount, and 
much of it is unsatisfactory in character. While many authorities have 
reported very fullv the clinical results in thousands of patients so treated 


the serologic data are generally incomplete, many of the most valuable 


clinical reports containing either no mention of the results of the com 
plement fixation test or recording them inaccurately or in such a way 
that no definite conclusions can be drawn from them. A few writers, 
however, have reported in detail the results of the Wassermann test in 
their cases but it is difficult to judge of their value, as a whole, on account 
of the lack of data regarding many important factors having to do with 


the time of disappearance of the reaction. A brief abstract is given of 
the most important contributions to this subject. 

Nichols and Fordyce*® report the results of the Wassermann test in eleven 
patients treated with salvarsan. In eight the reaction became negative, one in 
nineteen days; two in twenty-one days; one in twenty-three days; one in twenty 


I 


+} 


five days; one in thirty-nine days; one in three months; and one in three months 





2. Nichols, H. J., and Fordyce, J. A.: Jour. Am. Med. Assn., 1910, Iv, 1171 
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and eleven days. Of these cases, two are still negative at the end of ten months 
a pe riod of time suflicient, I believe. to prove that they are cured In both of 
these cases, the dose of arsenobenzol was only 0.3 gm Re lapses occurred in two 


cases and the remainder have disappeared 


Geronne and Huggenberg’ report ten cases in which a plus reaction became 























negative in from four to ten weeks. In four cases it remained positive, one afte 
, fifty-six days; and one after seventy days. In twenty-five cases observed for 
less than four weeks only six became negativ: 

Michaelis* treated 110 patients and observed only three relapses He states 
that the serum reaction may become negative within a period from two to ten 
weeks after the injection He observed in some instances a strengthening of the 
reaction after treatment, although the eli: 1 symptoms were disappearir 

Fordvee’® states that th results of the Wassermann test after 606” have 
varied within wide limits but in general a change occurred in from four to five 
weeks rhe earliest change from a tive to a negative re n served by 
im was in six days after the injection, but in another case, after tw Injections 
the reaction did not become negative until fifty-two days Another cas after 
two injections was still positiv 1iter eventy-! ivs and ar ¢ il 102 

: lays He s s t t several es wed ] iting negative in positive 
| . 
| phases 
Herxheimer® records the results of 789 treated cases of which thirtv-three« 
relapsed in a period of five mont Many of his patients disappeare before a 
A negative eaction was obtained if s V 1 negativ reaction in two ] mary 
> uses after seven and twent lays ile f cases W vere I tive fo 
the treatment becan positive fterw Of thirty condary t t became 
’ negative after treat nt, five becar negative in fron ne to tw wer t 
\9 others at later periods In seven 1 eases, thre became negative in f n 
eight to fourteen 

Weintraud’ re ts t in o1 thirty-sev out of seventy-seve patients 
did the Wassermanr eaction bec manent n tive und that in thi 
cases 1t remain¢ positive aiter tl injections of arsenober 

‘ PABI ] RESULTS OF COMPLEMENT FIXATION TEST AFTER TREATMENT WI1 
SALVARSAN (Fav ro 
lime of Disappeara of R on in Weeks 
= = - t ’ f r f ’ 
7 -¥ a, ns “ A _ “i Ma 
: Primary u 15 ] } . j 0 0 ] 
Secondary 12 16 l j 2 } } 0 0 
lertiary | ; l 0 l 0 ( 0 ) 0 
} 

rotals 16 2 2 6 7 ) 

Favent records verv carefully tl sero] t n f t lues 
in which salvarsa Table 1 giving his results 

It will be observed that the majority of his cases became 1 tj fron 
two t live wee Lite the immyection Son ot his positive 1 I 

4 observed for three or fou eks and, therefore, may have | ( { ter 
, = 
' 3. Gerrone and Huggenberg: Berl. klin. Wehnschr., 1910, xlvii, 28 
; 4. Michaelis, L Berl. klin. Wehnschr., 1910, xIvii, 1195 
5. Fordyce, J. A.: New York Med. Jour., 1911, xcii, 897 
\ 6. Herxheimer, G.: Deutsch, med. Wehnschr., 1910, xxxvii, 1517 
7. Weintraud, C.: Med. Klin., 1910 ii, 183 
} 8. Favento, A.: Miinchen. med. Wehnschr 1910, lvii, 2080 








demonstrated the presence of spirochetes on January 19. 
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Noguchi” has recently published a very valuable serological analysis of 102 





cases, in which the patients were treated with salvarsan He states more 
than half of the number were under observation for ver three mon while 
the remainder had been injected for four weeks He conducted a quantitative 
determination of the serum reaction in each case, the blood being examined 
before tl injection alr it intervals of one day, three days, one week, two weeks, 
three weeks, four weeks x weeks, eight weeks, et« after the injection He 
found that thirt cases became negative, twenty-four reduced to less than 1 
intibody unit while t) remaining forty-eight cases still contain more than 
l antibody unit, giving strong positive reactions However, a titration of the 
serum of these cases s wed that they were decided] reduced in antibody content 
ilt " they gav ong reactions In 40 r cent. of the primary cases: in 
17 per cent. of secondary; in 35 per cent. of tertia in 33 per cent. of latent 
in 14 per « t. of ta nd in 50 per cent. « neipient tabes, the reaction 
became negative The average of the negative reaction equal 1 33.7 per cent of 
the total 102 cases ren relapses were « rve six of the patients were rein 
jected with good results and on ha a second relapse Of the negative cases 
reporté l bv Now t rtv-four in numbe thre | ul negative in two weeks: 
ten in three wee even 1 four weeks tive n fiv veeks four in Six weeks 
ind one in seven : His results in this respect e similar to those obtained 
in this lab tory 

It w e not that there is the greatest riation in the results 
obtair different observers, and the number of cases wv h have been 
reported serolog s very small when compared with the vast number 

: : _ ' : 
In whk saivarsan treatment as been used The difference in results 
I iv be ¢ niaine | ) the ¢ ss ot patients treate | ny diffe rent opservers 
the amount and nd ot previous mercurial treatment, an perhaps DV 
the te n em} ed 1n making the tests 
ritt DISAPI ARAN O} rit REACTION IN RABBITS INFECTED WITH 
LUES AND YAWS 

Throug ndness ¢ Canta N Ss ¢ the Arn Medica 
Corps. I have rec tl had the opportunit ol testing rabbits exper! 
mental] nfected w es and yaws, and of observing the complement 
fixation curve as shown by the titration of the serum of these animals, 
s regards its complement fixation qualities. Table 2 illustrates the 
esults obtained I I inimal| nfected wit lues and Table 3 in one 
I te vit s: these w show th lual inerease in the anti-body 
streng ( the serum and the disappearance of the positive reaction after 
the administration of salvarsan. 


An examination by Captain Nichols of R: t 359, 





mann test was not positive. even with 0.2 ¢.c. of serun 
Fror I Ss time t gradua increased n strengt ul 
which time 0.05 cc. of the serum gave a double-plus 
time Captain N ols administered intravenously 0.02 om. of salvarsar 
ner kilo and tl reaction became negative on January 13, one week 


hi, H.: Serum Diagnosis of Syphilis, Ed. 2, Philadelphia, 1911 
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: 
d puscies As antigen we have used an ext t ¢ uet et ver : 
: 
In absolute ( na the serum tested has aiways been Inactivated. 
As we receive ¢ specimens irom al! posts, many ol th ocated 
at 0 derable distances from the laborat: S onl nactive d 
seru nd for this reason have preferred an alco extract as antigen 
Gui ! been used for co ( t. O1 centimeter 
= + suspension of red corpuscles sed for the antigen and 
COl . en ot iking 1 est W not nsidered, as j 
an I f nterests I Was mann tion 
U t 8 ontrolled by re ite tes it the samé 
t yn kr es and th : : ynsistent 
\t complement test ng ma n 
; 2 orat i) en S } ive en Tt ed W ns irsan 
ut I | the results 5 case i , n tha 
the ull : 1 I the data 
to é t Of the cases 1 ted o have been « I | | 
01 st « s since tl lminist t drug a most 
th period 
U } 1 If r 72.8 pe t r f rativ 
il l per cel r ! pos ( 0 164 


: “3 
A ram 
f 
, 
' 
a tain a ses ll esa aia i 


\ I I nt wtors 1 t Sick : 
stand \ ‘ ese data The ( . ( : 
pos Oo ‘ I tive alter the t tion ¢ arsan 1s 0 

t sigl ince unless we are init : tage of the 
disease rug is administer t ntens t OSIt1V! 
reac I dn nistrat nt nel na « ; 
4 
| ous m il treatment In view « t these fa 
tors, | ive I to give a con et inaiysis e cases In these 
" . ta 
respects I ve that the real effect treatment w salvarsan : 
4) . ’ H 
on the compli nt itlon test cal ea ascertained on en 
’ iS : 
sur in al sis 1s made In the literature dealing with this subject 
but little attention seems to have been paid to the factors which I ha 
t nd therefore much of it is comparatively valueless ; 
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) THE STAGE OI THE DISEASE IN RELATION TO TH DISAPPEARAN( OF 





( Tire ses reported snowing r I eT ( rY r ne [ ( 
nit ositive in the various stages of lues Che data are ised 
on the results of one injection of salvarsan in all but a few cases, thi 
J dose employed varying from 0.5 to 0.8 gm. 
TABLE 4 [fue RESULT OF TREATMENT WITH SALVARSAN ON COMPLEMENT FIXA 


riON IN THE VARIOUS STAGES OF LUI 





Disease Cases Negativ Cent Positi Cent Cer 
Primary 1 25 80.6 6 19.4 ] 
i Secondary 135 100 74 ) 25.9 lS 
: Tertiary = 12 54.9 0 15 6 
} Latent 37 27 72.9 10 27 14.8 
: Totals 225 164 72.8 61 7 4 1.6 
: 
1 It will be observe fre 1 cons ration < e table t t of ft t 
one primar ses OU per cent ecame negative whl 12 per ent 
e] In t ‘ dar ises 135 in n er. 74 per cel ymé 
¥ nega oO V 5 ner cent r r In tne T T ca LWwe I 
two in nun 54.9 ner cent ime ne t yf w 16.6 7 ent 
' relapsed, a 1 t tent cases ft tv-seven in 1 er. 72.9 1 t 
a became negative and 14.8 per cent. relapse It is thus evident that the 
best results W obtained, as re as oO. tT 
§ in the treatment natients ir pril sta ce d i } 
; L,] + + ; ; | 
avi n reat! ni ) pa ts int sta itl 


treatment the older the active st of t seas Che res t l 
are as might be expected and in te the va of ear reatment of 
luetic infections 
j Che ( S earance of t reaction il e ( W f 
P 
3 ne itive has ) iried wit st tl Cust | ) ) 
given the date of disappearance of the rea ni rds « 
related with the stage of the infection. 
. It will be noted that, considering the total number of cases, t 
greatest numbe ecame negative during the se nd. t 1 I ( 


weeks, that a considerable number became negative one week after inj 


tion, and that, in our experience, none of the cases became negative after 


— Dieris 





eight weeks. I believe that unless the reaction becomes negative within 


, ane 


this time it will not become so later, in the vast majority of cases, and 
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mm alte this erie = d always ns de ( | an 
rther treatment. 
e time of disappearance of the rea } ation t 
‘ t will be noted tft t the est results we 
l stage, no iess ft n nin the tweive tertia 
itive within two weeks, and that four weeks was 
eatment in which the reaction became negative at 
sease. In the secondary cases the r tion disappeared 
ng the second, third and irth weeks, while the 
is t wee In the primar ises thirteen of the 
! negative within two weeks, while fiv eks was 
ter treatment that the rea n beé me necative 
majority became negative ring the second, third 
’ s, and no case became ne tive alter six weeks 


OF COMPLEMENT FIXATION, \FTER [TREATMENT WITH SALVARSAN 
lime of Disappearance of Reaction 
eC - a _ a - - 
25 4 lI 7 } l 0 () 0 
100 10 24 4 17 10 10 { 
12 3 6 2 | 0 0 0 0 
27 2 6 { 5 6 { 0 0 
164 17 417 7 27 17 i4 } l 
sults obtained in the t ry cases, as regards 
reaction. coincide with the remarkable influence 
sions of this stage of the disea is des bv 
I wi d appear to in il at I ssf ea 
wit n 1 mont tiie n rit 0 tne pat nts 
itment. In considering our results in this stage of 
d be remembered that almost all of the patients had 
ss vigorous mercurial treatment, which undoubted 
nfection and thus led to an early disappearance o 
ministration of salvarsa n fact, in the majority 
nda tertial ind tent es mercurial treatment 
ed and the effect of this on the disappearance of th 
nsidered later 
O! itt INTENSITY OF COMPLEMENT FIXATION ro 
DISAPPEARANCI OF THI REACTION 
ol the intensity of the reaction in the cases her 
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13 9? 8 
Lertiary ' + 
> , 
29 Ses " 5.5 
Oo 
itent af 
‘ ses } 


ot negative es Ss ( rred in ti _ 
atent stage f ter reé ts were ¢ 
n the tert i \ re irds relapses. 1 
tertiary sti es \ Y l the se mn 


yiving Dp nus 
n the tertiar ind later ( “i ‘ 
n the primary cases \s rega 
or tertiarv cases "6D , 
11 per cent. of the latent 

I 

stave civing p! gy r cs % tiny { 
n¢ rial treatment befor ‘ 1} 
ndo bted| explains é disapne nay 


previous treatment, while the one 

leve oped syr ptoms a few davs after the 
From the data submitted it is evide 

tion in the various stages of the d 

mport. Thus better results are obtain: 

the reaction, in the primary cases givil 


the secondary, but the chances of a r 


the primary as they are in the seconda 


that the plus-minus cases give a larger 








106 THE 1RCHIVES OF INTERNAI 


as regards the disappearance of the reaction and th 


relapses, is most unfavorable in the tertiary cases wl 
nlus ré } Ty T 


LATION OF TH METHOD OF ADMINISTRATION ¢ 


| S\ 


ances of a relapse are greater in the secondary stage. 


YWEDICINI 


al 


+ th 
cine 


The prognosis 


e occurrel 


give a d 


es Oo 


| 
ouble 


LVARSAN TO TH 


DISAPPEARANCE OF THE COMPLEMENT FIXATION REACTION 
I ha ; e able to . ta regarding the relation of th 
( | s T to the time nr. mes ) ment fixat on 
I t ( a I ed t le saute ~ ~ tt! that no onc!l 
I ean ( } d t s phase ¢ ~ ect 
he 1 or idministrati veve to do with the 
dadisappe ne trie eaction as 1] f at | ol onsu ng Table os 
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PARLE 9 VAI MetTuot OF ADMINISTRATION OF SALVARSAN IN RELATION 
) PREARAN( or Comti j | 10 IN LUES 
Meth No.of B mie Per Remain Pe Relapse Per 
Administratior Cases N tive n Positiv t cent 
Neutral si st) 7 468 2 22.2 5 71.4 
Alkaline Sol. Intramuscu 
lar 150 118 78.6 32 21.3 8 6.7 
Intravenou 0) 16 53.3 14 16.6 6 37.5 
Combined Int r il 
: | , 6 23 63.5 6.1 ) 21.7 
j ils 29 L64 72.8 6 27.1 24 14.6 
\ S n.—The neutral suspension of salvarsan was used 
n f s seven became I l d relapsed. Thus 
\ el y ying negative w e larg the percentage 
oO upses (71.4 per cent.) was enormo It must be admitted that, 
as a rule, sma oses were used, varying from 0.3 gm. to 0.5 gm., but 
even taking this into consideration it is evident that the method gives 
poor results when compared with any of the others mentioned In jus 
Lice »> the metho owever, it should be stated that the two cases whicl 
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1 


muscular injections were used than when the drug was given intra- 





venously. The great differences in the rapidity of the disappearance of 


the reaction after treatment with salvarsan are due to numerous factors. 


1 
{ 


some of which are capable of explanation, while others are still unsolved. 


The situation of the spirochetes, the rate and amount of absorption of 


the drug and the character and severity of the infection, must all have 


something to do with the time of disappearance, while the existence of 


strains of spirochetes. which mav be more or less resistant to the drug. 


undecided, may also explatn the slow disappearance of 


a question still 


the reaction in certain cases. If, as Ehrlich believes, the fixation rea 
tion may be produced by tissue changes which occur in answer to irrita- 
tion brought about by the destruction of the spirochetes, it is easy to 
explain the delayed disappearance of the reaction by a slow elimination 
of these irritating products. When elimination is rapid, either because 
the amount of irritating substance is small, or the tissues concerned in 
elimination are very active, the reaction will disappear quickly, while, if 
the contrary is true, elimination will be slow and the reaction will persist 
for a considerabl period. 

In the intravenous injections twelve of the sixteen negative cases 
became so within two weeks, while the longest period from the time of 
the administration of the drug to the disappearance of the reaction was 
one month. One would naturally expect that the reaction would disap- 
1] 


pear more rapidly after intravenous injections than after intramuscular 


and this is borne out by our data. The fact remains, however, that some 


{ 


of these cases did not become negative for three or four weeks, and it is 


difficult to explain this on any other assumption than that the persistence 
of the reaction was due to the slow elimination of substances derived 
from the dead spiro hetes or produced bv the reaction of the tissues to 
them. When the drug is given by the intramuscular method it is 
absorbed slowly, exerting its action for days or perhaps weeks and killing 
the spirochetes by “the instalment plan” as it were, whereas when it is 
given intravenously it is absorbed and eliminated rapidly, and any 
destructive action on the spirochetes must occur in a comparatively short 
time. In the first case the elimination of the substances which Ehrlich 
believes have to do with the production of the reaction is eradual, because 
the spirochetes are being continually destroved, whereas in the second 
cases these substances will be eliminated more rapidly because the para- 
sites are al] killed within a comparatively short time. The elimination 
may take some weeks even when the drug is given intravenously, but it 
will never take so long as when it is given by the intramuscular method. 
other things being equal. This theory would appear to be contradicted 
by the results obtained in the cases treated with the neutral suspension, 
but these cases were very few in number and, therefore, of little value as 
an argument against the theory. 
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From t =f cures it 18 eV ent that be 
the patients who pre us ad meé url 1 
arger proport of the cases became negat 
¢ apsed 

The relation of the stage of the diseas« 
ecelved previous mi rial treatment to the « 
on after salvarsan is shown in JTable 11, w é 
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‘ i ent prior to the ad stratior " in. & 
t olut ns empty in Table 1 
hk 
raBLe 12 Th RELATION OF THE STAGE OF LUES TO THE DISAPPFARAN( OF 
rHE COMPLEMEN FIXATION ‘TEST AFTER TREATMENT WITH SALVARSAN IN 
PAt I vHo HAD Recetvep Previous MercuriaAL TREATMENT 
4 
esta N I Became P Remai I ! ps Per 








Prima “ i" ‘) ‘ “ ft i) 
Sec $4 sf) SS 6 11.3 ) 12.8 
lertiar ; 8 61.5 } 8.4 0) 0 
Latent x in S28 » 11.1 y 2d 

| 4 { S4 itp rt 

[here were sixty-seven patients in the secondary stage of the seas 

. ; ! 
ho had not received mercurial treatment before salvarsan was | 
tered Of these 71.6 per cent. became negative and 16.6 

apsed. There were forty-four cases in the secondary stage which 
received pre ous mercurial treatment. of w 88.6 per cent. becam« 
negative, while 12.8 per cent. relapsed. It is thus evident that bette: | 
results were obtained in the secondary stage of the disease in the cases ; 


which had previously had mercurial treatment. | 





Eight patients in the tertiary stage who had not received previous ’ 
mercurial treatment were tested: of the cases 62.5 per cent. became nega 
tive, while none relapsed. Thirteen patients in the same stage of the ) 
disease, whl ad received mercurial treatment, were tested, of whi 
61.5 per cent. became negative, none of which relapsed. Though the 
igures show a slight increase in the percentage of negative results in the 
untreated patients I believe that this is only apparent and that if th 
same number of patients in both classes had been treated the results 
wol d nave eel ! ’ ot those who 1d ece ed previous mercuria 





Considering the latent infections eight patients were tested who ha 
received no previous mercurial treatment; of these 87.5 per cent. became 
negative and none relapsed, while of eighteen patients who had receive 
previous mercurial treatment 88.8 per cent. became negative and 12.) 
per cent. relapse The two patients who relapsed had previously ha 
severe lesions which wert quiescent at the time th patients were treated 
while in the patients who had received no mercurial treatment the his 
tories show that the infection was of mild character. I do not believe 
that any conclusions can be drawn from the fact that relapses occurred 
n the } ents me! I ) red int untreated 1 
natients 
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rial treatment and in those w ad not received s eatment 


shown in Tables 13 and 14. 


ABLE 13 [Tne TiMe OF DISAPPEARAN( OF THE COMPLEMENT FIXATION TEST 
AFTER TREATMENT WITH SALVARSAN IN PATIENTS WHO HAD RECEIVED 


PREVIOUS MERCURIAL TREATMENT 


Date of Disappearar ot lest W S 
s Di 4 7 2 
te - + E ‘ j 
Primary 22 2 l ( 
~econdary is t 1] ( j ij 
Tertiary 5 ! ) 0 0 0 0 
Latent 7 l l } 
| lis hed 10 vA | { ~ ~ l 
\ comparison oO these table . ws 1 the : ttle duff ence 
e rate ol disappearance ot the rea in thre class of patients | 
act 18 OL Interest as it Supports thet Ol! that the time ¢ disappeara ‘ 
epends on t ite of elimination of the substance or substances de ( 
rom the dead spirochetes or produced t ‘ tion of the tissues 
el the slight difference in favor of the previous treated patie 
eing due to the dest tion of a? ym ¢ parasites. prior to 
administration of salvarsan 
ABLE 14 rue TIMe OF DISAPPEARANCE OF THE COMPLEMENT FIXATION 
AFTER TREATMENT WITH SALVARSAN IN PATIENTS WHO HAD RECEIVED 
PREVIOUS MERCURIAL TREATMENT 
Date of Disa; arance of Test in Weeks 
Stage ¢ _—, . 
Lise - & = - 
Zw _ nN - S — t- r 
Prin 0 0 rT) 0 { 0 0 
™“ nda 0 j lf I S yd 0 ) 
< il s ] ‘) ih j ) ( 
lt i ) ‘ a 
lotals 3 Is ( » ? a ( 
Che relative efficiency of salvarsan and mereul n causing a disal 
1 . , : i 
ince of tl fixation reaction is strikingly illustrated in the cases « 
vatients who had previously received mercurial treatment Of fift 
three patients who were treated with mercury by the mouth for ni: 
onths or more before the administration of salvarsan and who gave 
positive Wassermann reaction, all became negative within eight wee 
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these cases is shown in 


mercurial treatment. 
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Table 15, tog 
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i/ VEDICINI 


rue RESULTS OF THE COMPLEMENT FIXATION TEST IN FrPry-1 
PATIENTS WHO HAD RECEIVED MERCURIAL TREATM! BEFORE T! 
ADMINISTRATION OF SALVARSA 
Met of lime of Ne f ( i of | i 
lreatment lreatment ( ases 
Inter? ) months 7 Ss 7 
Internal | yea 0 l ( 
Internal > years 1] ri 
Internal é 6 
tals ‘ 
It \ ‘ ( i cons ( I I l I 
the patients 1d received mereury internal! or ne eal 
eleven still gave a double-plus reaction: that « en had receive 
treatment for two vears. of whom three stil e a double-plus 
and that six patients had r 


whom two still gave a do 


received internal tre itment for three 


0 uble-plus reaction. w the remainds 
plus or a well-marked plus-minus reactio1 Comparing thes 
with those obtained after the administration of salvarsan, a 
becoming negative within eight weeks. and in a vast 1 ajorit nst 
after only one injection of the latter drug. the infinitely ( 3} 
ction of salvarsan is clearly demonstrated. 

It is generally admitted that the most eff nt met 
tering mercury is by the hypodermic injection of suitable salts o 
metal. Ten of the patients in whom the complement fixation tes 
still positive had been treated in this manner before the administ 
of salvarsan and e number of mercurial ir tions and t ! 
of the reaction was as follows 

'wo patients had received 7 injections an gave a double-plus react 


] 


(ine 


One 


atient had 


vatient 


received 


had received 


8S injections and gave 


9 injections and gave 


a 


, 
pilus reactor 


1 double-plus react 





I 
One patient 
| 


ud received 11 injections and gave a double-plus react 


One patient had received 15 injections and gave a plus reaction 
One patient had received 18 injections and gave a double plus reacti 
One patient had received 20 injections and gave a plus reaction 
One patient had received 25 injections and gave a plus reaction 


One patient hi: 





received 30 injections and ive a plus reaction 
| 


\iter one intramuscular injection of sa 
tion test in all of these patients became negative and has remain 
until the present time, most of them having been observed for fron 
to four months. While the previous mercurial treatment must have 
some effect on the infections, perhaps rendering them more sensitive 


. y 
the action of s: 


varsan, I think it must be admitted that the results an 


demonstrate the superior specific action of the latter drug. 
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DISCUSSION OF RELAPSES 
It has been stated that of the 225 cases ana ed in Ss paper, twe \ 
r, or 14.6 per cent. have relapsed. In order to understand the exact 
significance of these results it is necessary to consider the cases somewha 
n detail.?° 
First, as regards the relation of the stage of lues to relapses. In the 
mary stag ree of the twenty-five cases which became negative, or 12 
f ent elapsed ; in the secondary stage teen out of 100 cases, or 15 
t el n the tertiary stage, two of twelve cases, « 16.6 per cent 
n n the latent stage four of twenty-seven cases, or 14.8 pe ent It 
will thus be seen that the prognosis as regards relapses after treatment 
h s irsan is best in the primary sta ind most unfavorable in th 
ertiar while it is better in the latent cases than in the seconda OI 
rs t 1s vet too eal to cor ide that 1 more relapses will occur u 
this series Of cases, Dut the ires are rect, at least, as regards the 
rrence of ear re lapses 
Second, the relation of the intensity of complement xation te 
apses Phe complement fixation test gave i double pius rea tion betore 
reatment with salvarsan in sixteen ¢ the twenty-four cases whi 
apsed ; a plus reaction in six of the cases, and a plus-minus reaction in 
wo of the cases. Therefore, the prognosis as regards relapse varies wit 
he intensity of complement fixation, the best results being obtained in 
he cases giving a plus-minus reaction and the worst in those giving a 
ouble-plus reaction. This fact is of interest as it indicates that there is 
e relation between the intensity of complement fixation and the resist- 
ince of lues to treatment with salvarsan. ‘That this is true is striking 
ustrated when one correlates the stage of the disease and the intensity 
e reaction with the percentage of relapses. Thus, as is shown in 
8, the relapses occurring in the primary stage o es were all in 
nts giving a double-plus reaction, no less than 30 per cent. of suc 
tients relapsing, while no relapses occurred in patients giving a plus 
plus-minus reaction. The same is true in the tertiary cases, 50 pe 
! ( e patients giving a double-plus reaction relapsing, while no 
elapses urred in those giving a plus or a plus-minus reaction 
In the secondary cases the gest percentage of relapses occurr 
n patients giving a double-plus reaction, but relapses also occurred in 
ses giving a plus and a plus-minus reaction, the percentage decreasing 
th the severity of the reaction. An apparent exception to the rule is 
oted in the latent cases, where 25 per cent. giving a plus reaction relapse: 
nd o1 14 pe ent. giving a double-plus reaction, but there were onl 
our patients tested who gave a plus reaction while there were fourteen 
este riving a double-plus reaction, so that it is probable that had t 
10. Since writing the above, the percentage of relapses has reased slightly 
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same 1 ‘ itients In ea class been tested the results w d 
been similar to those obtained in the other stages of the disease. 

Third, the relation of the method of administration of salvarsan t 
the occurrence of relapses. The percentage of relapses varying gre: 
with the method of administration of salvarsan. 

The neutral suspension of the drug was used in nine cases, of w 
seven became negative and five, or 71.4 per cent., relaps lhe alkal 
intramuscular injection was used in 150 cases, of which 118 became neg 
tive and eight, or 6.7 per cent., relapsed he intravenous n id W 
LISé nt rt cast oO whit sixteen became negative nd s O vi ) | 
cent., relapsed Che combined intramuscular and travenous met! 
was used 1n rty-s eases, of which twenty-thre« ecame negative 

ve, or 21 per cent., relapse From these data it is « ent that the int 
muscular il tion « e alkaline solution has given the best results 
regards the « ence of early relapses and the neutral suspension 
poorest, while the combined intramuscular and intravenous has g 
better results than the intravenous method alone It is also evider 
the neutral suspension, as recommended by Wechselmann, should 
carded as a method of administering the drug 

Fourth, the relation of previous mercurial treatment to relapses \ 
slightly smaller percentage of relapses occurred in the secondat cases 
which had received previous mercurial treatment than in those w 
had not, but I do not believe that anv conclusions can be drawn from 
data relating to this phase of the subject, as in the vast majority of cas 
the amount of mercurial treatment was small and apparen ad 
ittle effect as regards the occurrence of relapse. In the latent cases wl 
had received previous mercurial treatment 12.5 per cent. relapsed, wl 
in those which had received no mercurial treatment relapses did not ocew 


} 


\ much smaller number of cases belonging to the latter class were teste: 


however, and therefore the results are untrustworthy and gener 


clusions cannot be drawn from them. (See Tables 11 and 12.) 


ritt TIME OF OCCURRENCE OF RELAPSES AFTER SALVARSAN 


In considering this portion of our subject it should be remembe 


that I am only able to give the data concerning the relapses which have 


; 


occurred in from one to six months after treatment and that the 


i 


majority ot negative cases have ony heen obse rved ror three months 


since the reaction became negative. It is more than probable that som: 


of these cases will relapse later, but the results obtained indicate that 


majority of relapses occur within eight weeks after the reaction be 
negative and that comparatively few occur after three months. Tab 


t } 


shows the time of occurrence of the relapses in the twenty-four 


omes 


( 


] 
e 


inder discussion, the time being given in weeks and computed from 


date on which the complement fixation test became negative. 


l¢ 
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CABLE 16 TIME OF RELAPSE IN TWENTY-FourR PATIENTS TREATED WITH 


SALVARSAN 


lime of Relapse No ; lime of Relapse No. of rime of Relapse No. of 
in Weeks Cases in Weeks Cases in Weeks Cases 
S wee 2 9 weeks | lé weeks l 
5 weeks , 10 weeks I 22 weeks 
6 weeks } ll weeks = 3 weeks 
7 weeks j 12 weeks 
8 weeks 14 weeks 
14 7 ‘ 
It s evident ron the table that more I in iif yf tlie relapses 


occurred within « ight weeks after the reaction became negative and that 


twenty-one of the twenty-four patients relapsed within fourteen weeks. 


[ believe that these results indicate that, in the vast majority of instances, 
a relapse will occur within six months if it is going to. and that if a 
previously positive Wassermann test remains negative ong as a 
vear after the administration of salvarsan, provided clinical symptoms 
are absent, a relapse will not o I realize that this opinion is 

tral to that eld by man\ ( that several vears must elapse before one 
can be sure that this drug real res lues, b I believe that unless th 
spirochetes are destroved clinical symptoms wil] annear o1 the comple- 
ment fixation test will become positive within a r. provided mereuria 


reatment is withheld. 
[ think that most authorities would consider a patient as cured who 
ad taken a course of mercurial treatment and whose blood eave a nega 


tive Wassermann reaction a vear after the cessation of such treatment. 


ind I can see no reason why the same standard should not hold good 
n the treatment of this disease with salvarsan Indeed, the mere fact 
that one or two injections of this drug has been followed by as good 


‘esults as three years’ treatment with mercury, as regards the complement 


fixation test, should render this standard more conclusive in the case of 


salvarsan than in the case of mercury. I am aware that clinical rv ipses 
sometimes occur with a negative Wassermann react on, but I am verv sure 
that a patient showing neither clir | symptoms nor a positive Wasser 


mann reaction within a year after 


} 


reatment with salvarsan mav be con 
sidered as cured o ; 


f 1 


syphilitic infection. Exceptions may occur but they 


will be the exceptions wl ch Will prove the rule 


GENERAL CONCLUSIONS 


From the analyses of complement fixation tests after the administra- 
tion of salvarsan which are given in this paper [ believe that the follow 
ing conclusions may be safely drawn. 

1. The best results, as regards the disappearance of the complement 


fixation test and the occurrences of relapses, are obtained in the treatment 


~. Pome 
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of patients in the primary stage of lues and the poorest in the treatment 
»f those in the tertiary stage 

2. The complement fixation reaction disappears somewhat more rap 
idly after treatment with salvarsan in the tertiary stage than in either the 
primary or s¢ ond ir'y stage of the disease 


3. The reaction in our experience has disappeared 


third and fourth weeks after treatment in vast majority of the nega- 


t. The pr :, both as regards the disappearance of the reaction 


plus-minus react nd least so in those giving a double-plus reaction. 

As regards the method of administration of salvarsan the best 
results have been obtained, in our experience, from the intramuscular 
njection of the alkaline solution and the poorest from the use of the 


neutral suspensio! In justice to the intravenous method, however, it 


should be stated that a smaller number of cases have been tested and it 
may be that this method will prove as efficient as the intramuscular 

6. The complement fixation reaction disappears more rapidly after 
the intravenous administration of salvarsan than aft the intramuscula! 
idministratior 

vy. As regards the disappearance of the complement fixation reaction 


etter results were obtained in patients who had previously received mer 


curial treatment than in those who had not, but the time of disappearance 


of the reaction was little affected 

8. The reat superiority of salvarsan over mercury, as a specifi 
remedy, was shown in the rapid and apparently permanent disappearanct 
of the reaction, after one or two injections of the drug, in patients 


previously treated for one, two or three years with mercurials and in 


had remained positive. 


vhom the reaction 
9. The complement fixation test is of the very oreatest value as a 
ruide to treatment with salvarsan and it is the only method we possess 0 
determining whether lues is actually cured by any therapeutic agent. 
Finally, I believe that the data recorded in this paper eloquently sus 
tain Ehrlich’s modest claim," “that the introduction of ‘606’ makes a 
considerable advance in the therapy of svphilis, an advance which is not 


due to accident. but to the result of systematic experimental work.” 
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THE IMPORTANCE OF TONUS FOR THE MOVEMENTS 
OF THE ALIMENTARY CANAL * 


WALTER B. CANNON, M.D 


BOSTON 


Four years ago, during an investigation of movements of the esopha 


gus after total vagus section, | was struck by the difference between 


the primary and the secondary results of 1 
result, seen during the first twenty-four hours after thi esophagus 1s 
isolated from the central nervous system, is apparently a complete pat 
alysis. Food, pushed onward by the still efficient cervical gullet, accu- 
mulates in a widely distending mass in the lower esophagus and may stag- 
nate there for hours with no indication of any reaction of the encirclin 
all. In a few days, however, a remarkable recovery of function occurs 
n the lowest part of the tube, which is provided with smooth musck 
Contraction and peristalsis now appear in this region when food accu 
mulates. An important factor for arousing these activities seems to be 
the stretching of the esophageal! wall. For « ample, In the first days of 
] 


recovery, a slender mass spread along the tube mav lie tor some time 


inmoved: the addition of a second mass. whi causes further disten 


tion of the wall, results instantly in contractions and peristalsis. And 
similarly after some of the food has been driven into the stomach, the 


strand that remains, now reduced to a slender mass again. lies for long 


periods without arousing any movements of the gullet. As davs 


the lower thorac ic esophagus pecomes more responsive to the presence 


of contained material, for the material is forced into the stomach with 


increasing rapidity, and even slender masses are now sufficient causé 


tor peristalsis.’ 

What is true of the lower thoracic esophagus s also true of thy 
<tomach. If the splanchnic nerves are severed (in the cat). the normal 
movements of the gastro-enteric canal are not altered. If now the vagus 
nerves are cut, the immediate result is defective functioning. For twenty 
four hours after isolating the stomach from the central nervous system. 

From the Laboratory of Physiology in the Harvard Medica! School 

Presidential address delivered before t] American Gastro-Enterological Asso 
ciation, April 19, 1911. 

1. Cannon: Am. Jour. Physiol... 1907, xix. 441 
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the discharge of food is much retarded. Later there is a recovery of 
almost normal! activity.’ 

A suggestion of the condition which makes possible the restoration 
of peristalsis in both the isolated esophagus and the stomach was found 


at autopsy of animals killed two weeks after total vagus and splanchnic 


section. ‘The stomach was found in remarkable tonic contraction. Ir 

two instances the diameter through most of the length ranged betweer 

1.5 and 2 cm.—a smallness of size almost incredible when compared with 
f | 


the diameter of the stomach filled with food. The question at onc« 


ther this tonic contraction was not in fact fundament 


arose as to whetl ni 


to the rhythmic movements. 


This suggestion was first tested by injecting material into the st 


in different degrees of contraction. If the 


ach when that organ was 


abdomen is opened under warm normal salt solution, sometimes the 
empty stomach is found large and flabby, with collapsed walls, at othe 


times it is sma! nd contracted. Under these different circumstances 


has quite different effects. The flabb 


the injection of a mushy mass 


the pressure ol ne injected materia 


stomach simply gives way before 
without any reaction; the tonically contracted stomach, on the other 


s soon as sufficiently distended, to exhibit peristaltic 


hand, begins, 


} 
| r 


The importance of the tonic state is further attested by injecting 


into a vein a small dose of epinephrin (P. D. & Co.) while the gastric 
peristaltic waves are running. This produces complete relaxation of th 
stomach and a cessation of peristalsis. The pressure on the stomach con- 
tents (which measures the tonus of the neuromusculature) falls to zer 
\ careful record of the movements of the gastric wall in the pyloric end 


with simultaneous record of intragastric pressure, shows that the pressure 
begins to be estab 


begins to rise in the stomach, i. e., the tonic state 
lished, before peristaltic waves begin to travel towards the pylorus. 
The importance of tonus to rhythmic activity can be demonstrated 
also with the excised stomach. If an inactive stomach is removed fron 
e two ends, and place 


the body, is filled with warm water, is tied at tl 


in warm oxygenated Ringer’s solution, it usually shows no sign of peris 
talsis. If, now, a small amount of barium chlorid is added to th 
Ringer’s solution, the stomach becomes tonically contracted and _ peris- 


taltic waves are generated. 


The foregoing observations on the relation of tonus and peristalsis 
in the stomach are amplified and elucidated bv an examination of thes 
relations in the colon. All investigators who have studied antiperistalsis 


2. Cannon: Am. Jour. Physiol., 1906, xvii, 437 


3. “Tonus” is used in this paper to designate a 


sistent shortening of the cireular muscle of the alimentary canal 


state of more or less ner 





—— 


-————————- ~—r 





WALTER B. CANNON 419 
of the colon have noted that the waves start from the narrow construc 
tion, or tonic ring, nearest the cecum; but the part played by this ring 
has been overlooked. Two years ago I reported that by producing a toni 
ring in the proximal colon (exposed under warm normal salt solution), 


barium chlorid, 


either by pinching or by applying a weak solution of 
moving waves could be made to appear at will. A ring at the cecum 
repeatedly sends off downward-running waves; a new ring made now 
near the terminus of these waves starts reversed waves; and a tonic ring 
made midway in the proximal colon not infrequently will originate 
waves which pass away in both directions. These phenomena occur not 
only in the large intestine connected with th body, but also in the 
excised colon. ‘The phenomena of the tonic ring are therefore of prim: 
importance in explaining the occurrence of antiperistalsis of the colon 
and possibly also the similar peristalsis of the stomach. 
The antiperistalsis of the colon and the peristalsis of the stoma 


are ailke 1n pre senting a series ol waves following one another in rhythm! 


succession. ‘They must, therefore, have a source that is rhythmical 
tive. Careful inspection of the exposed colon over whik intiperis 


taltic waves are passing reveals the interesting fact that the tonic ring 
from which they start, pulsates, and that each pulsation sends away a 
moving ring of constriction. 


f 


The pulsations of the tonic ring and the discharge 


{ ; 


waves rom. 
are dependent on a state of tension. Thus if, while the waves are run- 
ning from a ring, the fluid contents are largely withdrawn, visible waves 
cease. Reintroducing the fluid starts the waves again. ‘The observatio 
which I re ported in 1901, that antipe ristalsis begins whenever new mate- 
rial is pushed into the colon from the ilium, agrees completely with the 
experimental evidence that distention of the intestine is the conditio1 
for the appearance of the waves. 

Mechanical stretching is well recognized as a most efficient stimulus 
for exciting activity in smooth muscle. The evidence already cited for 
the esophagus, stomach and colon, is supported by similar observations 
on the small intestine,* ureter® and bladder.* Since smooth muscle su 
rounds hollow organs, which gradually fill and must be emptied, th 
value of distention as a stimulus is obvious. 

The extension of smooth muscle which evokes a contraction must not, 
however, be merely the elongation of non-elastic substance. This is a 
point which I wish especially to emphasize. When an organ with walls 
of smooth muscle is flaccid and toneless, distention calls forth n 
response. As already noted, such is the case in the isolated esophagus 

4. Bayliss and Starling: Jour. Physiol., 1901, xxvi, 134. 


5. Sokoloff and Luchsinger: Arch. f. d. ges. Physiol., 1881, xxvi, 467 
6 Guyon: Compt. rend. Soc. de Biol., Paris, 1900, lii, 712. 








$20 THE 1RCHIVES OF INTERNAL MEDICINE 


and stomach immediately after severance of the vagus nerves; such is 


the case in the rectum’ and bladder*® immediately after the nerves have 
been cut which supply them with tonic impulses; such is the case also 
in the atonic colon. 1 have repeatedly attempted to call forth rhythm 


contractions both in the atonie stomach and in the atonic colon, by disten- | 


muscle is shortened and resil- 


e 


tion, but without success. Only when tl 


ient. i. e., in a state of tonus, does stretching result in a contraction. 


The tonic state, therefore, is quite as important as th internal pressur¢ 


indeed, it is the condition for the existence of that pressure. And 
when stretching is said to be the efficient stimulus for rhythmic con : 
traction of smooth muscle, the statement implies that the muscle is im a ’ 
condition to be stretched. ; 
Moderate loads applied to smooth muscle extend it more when it is : 

é 


; 


in a short state than when it is in a long state.® At the tonic ring of 
the colon, therefore, the neuromusculature, because shortened, is espe 
cially subject to distention by internal pressure. And being in a toni 
state, it will respond by contraction. 

\ single contraction ina rhythmic series consists of almost symmetrica 


stages of shortening and relaxation. During the stage of shortening and 








the first part of the stage of re laxation there is evidence that the neuro 
musculature of the alimentary canal is relatively refractory to stimula 
tion.’ When the tonic ring, therefore, begins to contract in response to 

distention, it becomes non-irritable to the stimulus, i. e., to the internal | 
pressure. It begins again to be subject to this stimulus after having F | 
reached its most contracted state and having become partly relaxed—when 7 
again readily distensible. Now on being distended by the internal pres : 
sure, the ring is stimulated and, as before, responds by contraction. ‘T : 
the neuromusculature in a tonic state responds to a distending pressure by 


1 


contraction, and the refractoriness which develops during the contractil 


I 


phase and the lessened irritability during relaxation assure a rhythmi 
response These factors can all be reasonably invoked to explain the 
pulsations of the tonic ring. 
The spread of the contraction from the pulsating ring along the ; 
intestine, as a wave, is probably another instance of a widely observed 
phenomenon in simple neuromuscular structures, the passage of the \j 
state of excitation from a contracted region to a stretched region. F 
Evidently a contraction of the tonic ring must increase internal pressure : 
on neighboring parts of the intestinal wall If these neighboring parts q 
7. Elliott and Barclay-Smith: Jour. Phys 1904 i. 289 : 
8. Elliott: Jour Physiol., 1907, xxxv, 424, 425 
9. Schultz: Arch f. Physiol., 1903, Suppl., p. 25. 
10. Dueceschi: Arch. per 1. Sei. Med., 1897, xxi, 170; Magnus: Arch. f. d. ges ‘ 


Physiol., 1904, ciii, 540; 1996, exi, 152. 
11. See von Uexkiill: Ergebn. d. Physiol., 1904, iii., 4. 
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are in tonic contraction, they are thereby set in increased tension. Then 
distended area, the muscle rings of this area begin to contract and thus 
either independently, as a result of extra stretching, or because the excita- 
tion, which is manifested in pulsation of the ring, spreads into the freshly 
to distend the regions beyond. The wave thus passes from the pulsating 
ring to inactive regions of the intestine; and since the constriction trails 
behind it an area of lessened irritability it cannot return on its cours 
but must always move away from its place of origin. 

The precise relation between the degree of tonus and the internal 
pressure that results in rhythmic contraction, is difficult to define. When 
a tonic ring is first made in the colon, it is a deep and strong contraction 
and it manifests no evidence of pulsations. Only when it has to some 
extent relaxed does it begin to beat rhythmically. On the other hand, 
if the internal pressure is sufficiently increased, the waves moving along 
the intestine will disappear and can be seen again only when the disten 
tion is reduced. Both the tonus and the distending force, therefore, can 
be too great for rhythmic action. 

From the foregoing evidence and discussion, it is clear that, given 
the state of tonus in the neuromusculature of the colon, and a locally 
increased tonic contraction opposing an internal pressure, the charac- 
teristic antiperistalsis can be explained. As already stated, gastric peris 
talsis has many features in common with colonic antiperistalsis. Can 
the same principles be applied to explain the rhythmic gastric move 
ments ? 

The stomach when first filled has roughly a conical shape—the cir- 
cumference is large at the cardiac end and progressively smaller as the 
pylorus is approached. If the contents are fluid or semifluid, and are 
subjected to the tension of the gastric musculature, the pressure throug! 
out the contents (gravity aside) will be uniform. Every unit area of 
the wall will be supporting the same pressure. Obviously, then, a cil 

; he 


cumference of given width in the larger cardiac end will be subjected 





to greater total stress than a circumference of equal width in the s 





py lori end. 


Since the forces 1 


the inactive stomach are in equilibrium, how 
ever, the encircling muscle of the cardiac end necessarily has to exert 
stronger tension than that in the pyloric end. And furthermore, sinc 
the muscular wall of the cardiac sac is thinner than that of the vestibule, 
there are fewer muscle fibers in equal cross-sections. The greater cll 
cumference and the weaker musculature both tend to place the cardia 
region at a disadvantage. The tension of the muscle in this region, 
therefore, must determine the pressure in the stomach. 


The necessity of tone as a condition for gastric peristalsis, and the 


existence of a tonic state during digestion (as shown by intragastric pres 
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sure) have already been mentioned. The application to the stomach 
of the factors used to account for the rhythmic contractions of the colon 
involves first of all a consideration of the degrees of relation between 
tonus and internal pressure. As noted in the discussion of the activities 


of the colon, the internal pressure may be too slight to stimulate the 


tonically contracted muscle, or it may be too great. Because of the cc ni- 
cal shape of the stomach it is quite possible for a pressure to be produced 
too great for the neuromusculature of the distended cardiac end and too 
little for that of the pyloric end. Between the large cardiac and the 
small pyloric ends, however, the relations between internal pressure and 
tonus will be intermediate, and at some point the relations will be suit- 
able for a contractile response. The material displaced by a contraction 
must be accommodated in the cardiac region where the weakest muscles 
are working against greatest obstacles. As the contracted band relaxes, 
however, the tonic pressure from the cardiac end again puts it on a 
stretch. Thus the contraction would be repeated rhythmically at this 
point, for the same reasons that were given for rhythmic pulsations of 
the tonus ring in the colon. 

Each pulsation of the adapted gastric band will send off a wave 
toward the pylorus. The wave will not travel in the opposite direction 
(towards the fundus), because the cardiac sac is too much stretched to 
respond ; if it were not, it would itself be the site of the pulsating band. 

In harmony with the preceding argument is the observation that 
when peristaltic waves are running on the stomach, their place of origin 
ean be shifted towards the pylorus by increasing internal pressure, or 
almost to the fundus by decreasing that pressure. In the first procedure 
the overstretched region is extended and the pulsating circumference, 
having to meet a greater distending force, is moved to a region where 
the muscles are stronger and lie in a smaller ring. In the second pro- 
cedure precisely the opposite occurs—the muscles of the cardiac end, 
gradually less stretched beyond their responding power, begin to con 
tract and in consequence the pulsatile source of the waves is moved 


1 
| 


farther towards the area of weakest musculature and longest circum- 


fe rence.! 
As the stomach empties, the mid-region becomes narrow. The waves 


if 


then originate at the upper end of a gastric tube, at a pulsating ring 


which separates the tube from the cardiac sac. The ring forms a depres 
sion whi h has been repeatedly noted in zr ray photographs of the human 
stomach,’* and is observable also in the exposed stomach of lower animals. 


In radiographs this persistent constriction has been designated the 


12. Cannon: Am. Jour. Physiol., 1911, xxvii, p. xiil. 
13. See Kaestle, Rieder and Rosenthal: Arch. Réntgen Ray, 1910, xv, 21-24. 
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“incisura cardiaca.” The activity of this deepened ring can best be 
explained in the same terms that were used to explain the activities of 
the tonic constrictions of the colon. 

Since the stomach when full has a conical shape, the formation of 
a gastric tube of fairly uniform diameter requires a greater contraction 
at the cardiac end of the tube than at the pyloric end. Because the 
cardiac incisure, at the extreme cardiac end of the tube is therefore mor¢ 
contracted than any other part of the stomach, it, like the tonic ring in 
the colon, is probably more easily distended than any other part. Dis 
tention by internal pressure causes the tonic ring to respond rhythmically. 
Each contraction sends off a wave towards the pylorus. And as the food 
is forced on into the intestine, the cardiac sac, by tonically pressing on 
its contents, provides more material for the waves, while helping to 
maintain the internal pressure necessary for the continuance of gastri 
peristalsis. Only after the contents, the medium for exercising internal 
pressure, have disappeared, does gastric peristalsis normally cease. 

Distention of a tonically contracted neuromusculature explains not 
only the rhythmic activities of the stomach and colon, but also thos 
of the small intestine. The contractions of the intestine can be increased 
within limits, both in extent and vigor by an increase in the distending 
force, or if the contractions are absent they may be started by disten- 
tion.** When a distending balloon is introduced into the intestine, the 
contractions are most marked in the region of greatest tension.1* The 
violent segmenting activity in cases of obstruction” also point to diste1 
tion of the gut as a cause of rhythmic contractions. Indeed rhythn 
segmentation itself is an excellent example of the response of the intes 
tine to stretching, for the contraction each time occurs in the bulging 
region, about midway between two previous contractions.’* 

In the esophagus, the stomach, the colon, and the small intestine, 
the importance of tonus has now been explained. It is the prime condi- 
tion for that tension, or stretching, which has long been recognized as 
the most effective means of rousing contraction in viscera with walls of 
smooth muscle. When that tension is developed, contraction results; 
and if the tension persists, the contraction recurs. It recurs as soon as 
the neuromusculature can recover from a previous contraction. The 
result is that rhythmic activity appears—the activity most obviously 
characteristic of all movements of the alimentary canal. Since, therefore, 
the tonic state underlies all these exhibitions of rhythmicity, it is impor- 


tant to consider the conditions under which tonus is developed. 


14. Bayliss and Starling: Jour. Physiol., 1899, xxiv, 105. 
15. Bayliss and Starling: Jour. Physiol., 1901, xxvi, 134 
roo 


16. Cannon and Murphy: Am. Surg., 1906, xliii, 522 
17. Cannon: Am. Jour. Physiol., 1901, vi, 256 
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When the vagus nerves are cut, the movements of the esophagus and 
stomach are for some time in abeyance; and even when peristalsis 
reappears the constrictions at first are weak and relatively ineffective. 


the vagus nerves causes an 


On the other hand, repeated stimulation o 
increased and more permanent tonic contraction of the gastric wall, and 
as the tonus increases the peristaltic constrictions increase in vigor.’* 
We may conclude, therefore, that the function of the vagi is that of 
setting the neuromusculature in a tonic state, of making it exert a ten 


sion, so that in relation to the contents it acts as if stretched by t 
contents. 

The evidence already adduced to show the importance of the toni 
state for normal functioning is reinforced by the observation previous! 
mentioned that when all extrinsic nerves are cut, the esophagus and the 
stomach develop in time, within themselves, a tonic state. Whether the 
vagi are present or not, therefore, the neuromusculature must be in tonus 
and in tension before response will occur. In all probability the vagi 
adapt the size of the stomach to the varying amount of food ingested. 
Thus, if the stomach were relaxed, these nerves might set the muscula- 
ture into tension about a small amount of food which would not by itself 
produce any tension whatever. When these nerves are severed, however, 
and time is allowed for the development of an autogenic tonus, the auto- 
genic tonus compensates by rendering the stomach so contracted that even 
if a small amount is swallowed the muscle is stretched and peristalti: 
activities are at once started. 

The question now arises as to the stage in the digestive process at 
which vagus influences affect gastric tonus. That impulses pass down 
the vagus nerves to the stomach during mastication and ingestion of food 
was proved by Pawlow’s observation on the psychie secretion of thi 
gastric juice.’® As already stated, repeated stimulation of the vagi 
results in an increased tonic state which is much more persistent than 
that which follows single stimulation. Since a tonic state is necessary 
for gastric peristalsis, and since, as we have seen, peristalsis does not 
appear if the vagi are cut shortly before food is eaten, the inference is 
hat, just as there is psychic secretion, so also tl 


At present, however, no direct evidence for this inference has been 


ere is psychic tonus. 


secured. 

After digestion is well started, the vagus nerves can be severed with- 
out altering either the nature of gastric peristalsis or the rate at whicl 
the stomach empties itself. This statement is based on observations 
means of x-rays, also on inspection, and on records of intragastri: pres- 
18. May: Jour. Physiol., 1904, xxxi, 262. 

19. Pawlow: The Work of the Digestive Glands, London, 1902, p. 50 
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sure when the digesting stomach was expose 


initial tonus (psychic?) might be aroused wh 


and might continue lor a period ol some m1! 
tonic state must be maintained by other agen 


together with observations on the excised sto 


once established at the beginning ot gastric dig 


And again like the psychic secretion, it ma 
mechanism. 

rhe small intestine is also supplied wit 
vagus nerves. Stimulation of these nerves, in 
nics, results in a brief inhibitory phase, foll: 
a gradual increase of rhythmic contractions 
mal.*® In all probability, therefore, the vag 
as they act on the stomach, to produce a toni 


culature. In this connection it is interestin: 


actively when removed from a normally-fed 


from an animal that was not digesting. 
The tonus of the colon is increased by the 


belong to the sacral autonomic system. Th« 
to the distal part of the colon. Nevertheless. 
report that stimulation of these nerves first 
mid-region of the large intestine, and that 
may arise in the region of increased tone 

causes evident disturbance of the movement 


] 


the tonic impulses results in accumulation ol 


sluggish contractions just as is the case wh¢ 
removed from the esophagus and stomach. 
Looking back over the evidence here addu 
vision is made for the ¢ stablishment of a stat 
alimentary neuromusculature. Almost the e1 
canal is supplied with extrinsic nerves whi 


increase of tone and when destroyed leave the 


state. And if the canal is entirely separated 


state. When thus isolated, the canal regains 
only as it recovers tone. Tonus is therefor 
the resiliency that causes the state of tensio 


or establishes the state of tension when the « 


The state of tension is the occasion for the con 


20. Bayliss and Starling: Jour. Physiol., 1899, x» 


21. Elliott and Barclay-Smith: Jour. Physiol., 
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are walled with smooth muscle holding a nerve net. Refractoriness t 
stimulation during contraction, and gradually increasing irritability dur- 
ing relaxation, result in a rhythmic response to the condition of tension. 
The most characteristic feature of the movements of the alimentary 
canal, their rhythmicity, can thus be accounted for. 

The view that tonicity of the neuromusculature of the alimentary 
canal is a fundamental necessity for the appearance of rhythmic move- 
ments harmonizes many diverse observations. It accounts for the failure 
of efficient motility in atonic states of the stomach and intestines. It 
gives a reasonable explanation for the existence and importance of 
extrinsic motor nerves. It is in agreement with the observation that 


tonic contraction and rhythmic peristalsis disappear together in cases 


of general bodily weakness, when the depleted central nervous system 
may be suppose d to fail to deliver the necessa1 tonie 1n pulses ; it is also 
n agreement with the observation that worry, anxiety and distress stop 
gastro-intestinal movements, for such states, accompanied by splanchnic 
impulses, abolish tonus. It fits admirably with the fact that the stomach 
of hungry animals is strongly contracted, for then the tonic state makes 
the organ ready for instant action on swallowed food. Indeed I am 
inclined to believe, for reasons which time does not now permit me to 
develop, that the sensation of hunger results from tonic contraction of 
the empty stomach. These are only some of the conditions in which 
the importan e of tonus for movements of the alimentary canal is man 
fested: doubtless other conditions will suggest themselves. 


240 Longwood Avenu 
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vears in the wards of Mount Sinai Hospita His definition of the disease 
n question is as follows: An acute, infect s disease of unknown origin 
ind pathology, characterized by a short incubation period (four to fiv 
lays), a period of continuous feve1 ompanied by intense headache 
pathv and prostration, a profuse and extens erythematous maculo 
apular eruption; all of about tw eeks’ n, whereupon the feve 
ruptly ceases either bv crisis w na fi ours 1 rapid SIs 
ithin three days, when all symptoms disappear 
Although these cases have been taken for typhoid fever by the greater 


mber of New York physicians, yet there is no question that Brill is 
ight in emphatically stating that this is an incorrect interpretation of 
the symptom-complex described. He publishes a tabular arrangement of 
he differences in the clinical pictures of the two diseases, which is quite 
convincing; more important yet is the fact that in none of the 221 cases 
observed was a Widal agglutination reaction obta ned, and blood-cultures 
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masters of medicine have taught and as I have seen it, such a conception 


vould be unjustifiable: therefore. I believe this disease not to lb 


It is my purpose to show in this paper that the conditions which Brill 
demands as the sine gua non of admitting that his clinical entity is typhus 
fever can be proved to exist, and that the disease in question is in no 
way different from a great number of typhus fever cases observed during 
nid 


epidemics in countries in which typhus fever is endemic or from sporadic 


cases observed in the United States and elsewhere. With all deferenc: 


to the great masters of medicine who have differentiated typhus and 


typhoid levers and nave given us the tvpl al desc ription of the former 


disease, which description has been repeated constantly since in the text- 
books of countries where typhus fever is unknown or unrecognized, it 


must be noted as a serious omission on Brill’s part to fail to acquaint 


his readers with the views of modern or recent authors who have observed 
| he advantages of the medical 


cases of tvphus fever while possessing all 


t 
progress in differentiating other diseases from them, advantages which 
were absent in the time of the “great masters of medicine.” The very 
reactions used by Brill in proving that his symptom-complex is not 
typhoid fever, namely, the agglutination tests and the blood-cultures, 


may be named among these advantages. 


I was in active practice in western Russia for six vears, during which 


I had the chance to observe three severe epidemics of typhus fever and 
constantly saw sporadic cases of the disease. Of course, as the etiological 
factor as well as the special pathology of typhus fever has not vet been 
discovered, it can be diagnosticated only by the clinical course. and the 
more I read Brill’s description, the oftener I listen to discussions of the 
theme. the more inclined I become to identify “Brill’s disease” with 
tvphus fever. The fairly sudden onset of the affection. the fever curve. 
the duration of the illness, its termination, the nature of the eruption, 
the time of its occurrence, the intense headache, the relatively frequent 
occurrence of herpes labialis, the rapid convalescence, the occurrence of 
the disease in patients who have previously had typhoid fever, the 
requent enlargement of the spleen, the complications involving the respi- 
ratory tract, all these I have seen in authentic cases of typhus fever 
occurring during epidemics and independently of them. 

On several occasions Brill has emphasized the intense headache 
which dominated the clinical picture from onset to convalescence. Other 
observers dealing with typhus fever have laid stress on this point. 
Dillingham? states that among 560 eases of tvphus, intense headache was 
the most constant symptom. It was either frontal, temporal or diffuse 


2. Dillingham, T. H Diagnosis of Typhus Fever, New York Polyclin., 1893, 
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over the entire head. In a sporadic case described by Cook*® there was 


violent headache during the entire period of illness, the pain being chat 
acterized by the patient as “awful.” To me this is one of the most 


striking features of typhus fever as I have observed it. I remember 


especially well an epidemic of typhus fever which was accompanied by 
an epidemic of small-pox. In the beginning of the disease, before the 
eruption, the mental diagnosis ran frequently is: severe sacral pain 
small-pox; severe headache — typhus fever. 

In regard to the skin eruption, I have seen cases of the maculopapular 
] 


ikewise other cases s] owing a roseola and pete liz, or petechia 


tvpe, but 


alone or roseola alone In the first communication, based on seventeen 
cases, Brill* described the eruption as a roseola. In his later commun 
cation, however, he states that at the time he committed a mistake, the 


eruption being maculopapular in all cases. In my opinion this retraction 
is not necessarv; I have seen many cases of tvphus fever with a roseolai 
eruption only, coinciding with Brill’s early cases except that in t 


patients the eruption involved the face as well as the trunk and extremi- 


ties. It should be mentioned that there are rare typhus fever cases whic! 
show no eruption at all, the diagnosis being possible only during e} 
demics. Bierna ki° has described such cases and I have likewise seen 


them. Many of Dillingham’s? cases had a maculopapular eruption, and 


the description of the eruptions observed by Clar n forty cases w! 
occurred on Blackwell’s Island show many that resemble Brill’s cases 
and those observed bi me. 

The affection of the respiratory tract was sti ng even in cases of 
medium gravity: conjunctivitis, coryza, bronchitis were of frequent occur- 
rence, and thes manifestations in children when the eruption was 
macular caused great difficulty in differentiating tvphus fever from 
measles. In grave cases stupor was a marked feature among adults. so 
that catheterization, for instance, was frequently necessary even in earl) 
days of the disease : otherwise the nervous manifestations observed b ! 
corresponded entirely with those mentioned by Brill. I have also seen 
cases during epidemics which showed fever and an exanthem only without 


any manifestations from the nervous systen 
In my light and medium cases the disease lasted from ten to fifteen 
davs, in a few cases not over a week and very rarely five days: in grave 
cases up to twenty-one days. The termination was usually marked bv an 
3. Cook, A. H 4 Case of Sporadic Typhus, Lancet, London, 1884, p. 676 
4. Brill: A Disease Clinically Resembling Typhoid Fever but Without the 


Widal Reaction, New York Med. Jour., 1898, p. 48 


5. Biernacki, | I'vphus Exanthic. sine Exanthemat., G lek. Want va 
1894, Pp 562 
6. Clark, L Some Observations on an Epidemic of Typhus Fev (n 


Med.-Surg. Bull., 1894, p. 64; 
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incomplete crisis or by a rapid lysis. If no complications occurred, 
patients could sit up in bed at the end of the fever and leave the bed a 
few days later. Thus, convalescence was usually rapid. Among compli- 
cations were observed severe bronchitis, bronchopneumonia, pulmonary 
gangrene twice, pleurisy with effusion twice, rarely true nephritis, thoug! 
febrile albuminuria was frequent. In a few cases which ran a fatal cours 
diphtheritic sore throat appeared, usually in the beginning of the second 
week. Intestinal complications such as frequently occur in typhoid feve1 
have not come under my observation. On several occasions considerab|: 
meteorism was present. In nearly all there was obstinate constipation, 
but in summer diarrhea was often present. Brill states that typhus feve1 
does not occur in summer, but this statement is only partially correct; 
whenever there was an epidemic in winter, sporadic cases occurred in th 
following summer. One of the epidemics in which I was actively engaged 
commenced in February and lasted till August. The Berlin’ epidemic 


} 


of 1868 was not arrested until the end of July. It is usually assumed 
that patients are made immune by one attack of typhus fever, but I hav 
certainly seen a repetition of the affection in the same individuals. I1 
one case the first attack was mild, the second severe. In another instance 
the disease ran a medium course in both attacks. 

I will now proceed to a consideration of the epidemiology of typhus 
fever, it being my object to present but a few features of the cases I have 
seen. Were I to present complete descriptions of my medium and 
light cases, it would amount simply to a repetition of Brill’s elaborat 
communication. 

Let us first approach the question whether typhus occurs only it 
epidemics, and the answer is: by no means. Typhus is endemic in many 
districts of Russia, so that sporadic cases are of constant occurrenc 
there. In many other districts where hygienic conditions are very favor- 
able, typ] us fever is but little known, and if sporadic cases do occur, the’ 
are of a mild character. As examples of such localities may be mentione: 
the Baltic provinces of Russia and Finland. When sporadic cases run 
ning a mild course, and consequently not accompanied by any mortality, 
occur in large cities they are usually not recognized. These cases art 
generally designated as an “uncertain kind of typhus,” in other words, 
“a disease of unknown origin.” If one has observed typhus cases in the 
neighboring smal]! towns, the conviction is soon forced on him that the 
sporadic cases in the large cities have been of the same character. Smal! 
towns are, in my opinion, in a more favorable position for the study of 
the various types of typhus, one of the reasons being that the enti 

. 


clinical material passes through the hands but one physician, as fr 


quently is the case in Russia. 


7. Obermeier, O.: Die ersten Fille und der Character der berliner Flec! 
typhus Epidemie von 1868, Berl. klin. Wehnschr., 1873, p. 349 
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Typhus is endemic not only in Russia, but also in many other coun- 
tries. Virchow*® assumed that the endemic typhus of the Slav countries 
led to the epidemic outbreak in Berlin in 1867-68. Why endemic diseases 
do not lead to epidemics every day cannot be decided. However, accord- 
ing to Virchow, a special predisposition in the locality and, perhaps, the 
cooperation of accidental conditions may be responsible. According to 
Murchison,® many epidemics originate from local contagion which may 
have been preserved in an endemic way, or may have appeared because of 
hunger and dirt among the inhabitants. 

The last epidemic in Breslau, according to Leonhardt,’® came to an 
end in July, 1879. In the following years sporadic cases of typhus fever 
occurred, which in 1883 increased to thirty-six. In 1885-86 not a single 
case occurred, in 1887 and 1888 two cases each, and in 1892 one case. 

In Edinburgh," in the old town, typhus was practically endemic at 
one time. There was not a single year from 1880 to 1893 without typhus 
Cases, 


1 
} 


Vacher,’* speaking of typhus epidemics in Ireland, said that the 


affection was not recognized for months, as the physicians did not know 
anything about the disease. According to him, defective medical educa- 
tion is responsible for this state of affairs, and no time should be lost to 
remedy it. Typhus, he says further, is not rare, and in large urban 
centers, where the medical schools are situated, sufficient cases for clinical 
instruction can be found if looked for. 

In Italy and Bohemia the affection is likewise said to be endemic. 


Occasionally in the literature there are reports of sporad 


1? Cases O 


typhus. In 1897, four cases were reported from San Francisco by 
Shanon.** In two of these cases the diagnosis was rejected by the local 
board of health, which subsequently designated them as typhoid. The 
competency of the physician who reported the cases could not be doubted, 
as he had had considerable experience with this disease in Central 
America. Massie,** a country physician, reported a sporadic case, adding 
that a second case had not occurred in the district. In 1897 a few cases 


of typhus were reported in London,’® and in a few suburbs of the city 


8. Virchow: Quoted by Obermeier (Note 7). 

9. Murchison: Quoted by Obermeier (Note 7) 

10. Leonhardt, M.: Ueber das Vorkommen von Flecktyphus und Recurrens in 
Breslau, Ztschr. f. Hyg. u. Infektionskrankh., 1897, p. 22. 

11. Littlejohn and Ker: The Outbreak of Typhus Fever in Edinburgh, Brit 
Med. Jour., 1898, p. 1704. 

12. Vacher, T.: Typhus and Its Notification The Lesson of an Epidemic) 
Pub. Health, London, 1890-91, p. 263 

13. Shanon, N. V.: Occidental Med. Times, Sacramento, 1897. p. 651 

14. Massie, T.: A Case of Typhus Fever, Brit. Med. Jour., 1898, p. 1134 

15. Dudfield, T. O.: Typhus Fever in London, Brit. Med. Jour., 1898, p. 967; 
Lancet, Lond., 1898, p. 1016. 
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ere were even 8 i epidemics. De Arellano’ states that tvphus Tever 


is not endemic in the capital of Mexico, but is always present in a very 
extensive zone in the republic. From 1869 to 1891, not a month passed 
but cases of typhus occurred in Mexico, although epidemics in that inter- 
val have been reported only from 1875 to 1877. 


1 } 


These facts show that in many parts of the wo1 d typhus is endemic. 


lhe epidemic in Edinburgh. in 1899, proved that after eighteen years of 
immunity an epidemic can occur. From this the conclusion may be 
drawn that in a mmunity typhus may be present for a long time w th- 
out iding to an ¢ lem 


The history of typhus epidemics in New York proves that the disease 


lv after certain fairly definite intervals. 
The first considerable epidemic in New York was in 1847, followin 


the Irish famine of the same vear; in 1861 the disease was again intro- 


duced by Irish immigrants, and did not finally disappear until three vears 
vd elaps Since that time it has been twice mildly epidemic in the 
city, in 1881 and again in February, 1892. In all these instances thi 
fever was brought to this countrv from regions where it is endemic. In 
e opinion « Branan and Cheesman' typhus had never become 
endemic in New York, but has always disappeared when suitable hvgieni 
! res wert stituted. 


Janes'® asks how it is that the outbreak of typhus occurred in New 
York in 1881. after an absence of the disease for about fifteen vears. It 
was believed by some at the time that it was brought by tramps from a 
city in a neighboring state where a number of cases had previousl 
occurred, and this explanation seemed reasonable, although it was never 
shown to have been the case. He believes that in all probability the firs 
case was a mild, unrecognized one, and was probably followed by others 
equally mild. This state of affairs, according to Janes, must have 
extended over a considerable period, until a resident physician in River- 
le Hospital suspected tvphus fever in one case. His diagnosis was 
confirmed by Dr. E. G. Janeway, at that time health commissioner. After 
the announcement of this ease the epidemic became evident. Thus we 


see that Janes. eleven vears previously, was not so optimistic as Branan 


ind Cheesman He believed that in New York typhus might be an 


Brill’s observations commenced in 1896, but one vear before that, 
Hubbard,”® of the Riverside Hospital, New York, reported “cases simu 


16. de Arellano, N. R.: Etiology and Prophylaxis of Exanthematicus Typhus, 
Am. Pub. Healt Assn., Concord, 1893, p. 81 
17. Branan and Cheesman: A Study of Typhus Fever, Clinical, Pathological 


und Bacteriological, Med. Rec., 1892, p. 713 

18. Janes, FE. H [vphus Fever in New York City, Am. Pub. Health Assn., 
1884, p. 301 

19. Hubbard, S. D.: Cases Simulating Typhus Fever, Med. Re 1895, p. 21 
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idied his communication 


regarding the disease as “ol 


unknown 


rigin,” that is, a clinica] entity and not as typhus, Brill mentions the 
absence of fatal cases at the hospita Since his communication first 
appeared, however, three fatal cases have been reported. 

Che mortalitv of tvphus epidemics has considerably decreased throug 
mproved gienic conditions and modern sanitation, but, of course, this 
mortality w alwavs depend on the unknown “genius epidemicus,” as 
s the case in other infectious diseases 

lhe Russian prison typhus s shows considerable mortalit erhaps 
is high as has been stated by the masters of m¢ ne for the tvphus fever 
n their time Vra (1909, p. 391) makes the following statement: 


the birth place « 


the overcrowding of the prisons has not ¢ 


everv vea Sine 


_ 


I 


[yvphus in prisons is not an accidental manifestation, these institutions being 
the disease. It is the product of our prison conditions. True, 

mmenced yesterday, but it increases 

they have never been empty, and new inmates are constantly 

an never be thoroughly cleansed, much less disinfected when a 


irriving, the 


cell 


prisone falls ill. 


thev receive mon 


l ra (1909, 1 


tary help from outside 


rhe prisoners starve even in the metropolitan prisons, unless 
] 


140) 


ial prison, in which 1,317 prisoners have been crowded, 


reports as 10 





out 1m a provin 
though there was hardly room for 300. 
Und ese conditions a mortality of over 50 per cent. may b 
In these prison epidemics, nurses and physicians succumb even 
t esent time The mortality in hospitals privat uses 1s 
wevel s appalling | ive no exact statistical material at hand 
from my three typhus epidemics, t | may state that the mortalitv was 
6 to 9 per cent. In one of 1 typhoid epidemics I have had a 
irger mortality (10 per cent.) than in the epidemics of typhus fe\ 
This se, is easily explained by the fact that dieteti les cannot 
re ¢ ut as carelu n privat rac rT the poor, as ll s 
s, Rigorous diet is not of such great importance in tvpl s il 
\ er, because in the Jatter intestinal pe ition and hemorrhages 
rom ft owels T To be nre ende 1. wl s not the cas n ( ther 
In eastern Prussia he morta imounted to 10.25 per cent. in the 
( 868-69 C'cherepi reported on e tvphus epiden n St 
Pet re d , 1902 d 190 ollows I? » Ner of sever 
20. Seliger Die Flecktyphusepidemien in der tiidtischen Krankenanstalt 
Kinigsberg, i. Pr., Berl. Klin. Wehr 888, p. 1028 
21. Teherepin, S Die « act tis n Eig | ter I 
tvphusepidemien in Petersburg im Jahre 1902-3, St. Petersb. med. Wehnschr 
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months 428 patients were treated in the hospital barracks. The majority 
of the patients belonged to the indigent classes; the mortality was 8.6 
and 9.5 per cent., respectively.” 

In my sporadic cases there was rarely a death, as the majority ran a 
mild or medium course. 

Dillingham? gives a description of “so-called typical cases” of typhus, 
in which recovery took place, and if they are carefully analyzed and com- 
pared with Brill’s cases, the identity will be apparent. From Little- 
john’s"™ statistics of endemic cases in Edinburgh it will be seen that from 
1880 to 1889 the mortality was 28 per cent., from 1889 to 1898 onl) 
14 per cent. 

In less than ten years the mortality in Edinburgh was reduced by one 
half. The mortality in my three typhus epidemics was small, possibly 
because most of my patients were Hebrews. My observations have shown 
that Hebrews are usually attacked by mild and medium forms of th: 
disease and that the mortality among them is relatively lower than in 
other races. As most of Brill’s patients were Russian Jews, the mild course 
and the low mortality may perhaps be explained from this fact. Of 
other races, a low mortality has been reported by Conseil** among Arabs. 
During the typhus epidemic in Tunis, in 1906, there was a mortality of 


ly mild course among 


} 


only 5.4 per cent., and the affection showed a relative 
the Arabs. For this reason the diagnosis of sporadic cases among them 
was difficult. Gourrier,** in 1903, did not have a single death in nine 
typhus cases among the Arabs. This opinion of the mild course of typhus 
fever among the Arabs is also shared by Franco.** These facts are per- 
haps of importance in Brill’s cases, because his patients belonged to a 
race in which the course of the affection is much milder even during 
epidemics. 

The most important argument which Brill presents is that the diseas« 


is not communicable, and up to a short time ago it was verv difficult to 


discuss this argument. He writes: 


One of the nurses in training schoo] 


, who, in December 1896, went through a 
severe typhoid infection, was attacked six months later with this disease, though 
at that time there was no other case of this disease in the hospital or training 
school. She was the only person I have seen developing the disease within the 


hospital. 


Contagiousness, however, is a relative term. Such factors as unfavor- 
able hygienic conditions and individual predisposition play an important 
role. It may surely be assumed that the contagious substance remains in 
the hospital and that many patients were not affected simply because they 
were not predisposed to the affection. This nurse had had typhoid fever 

22. Conseil: Le typhus exanthémat. en Tunisie, 1906, Thése de Paris, 1907 

23. Gourrier: Quot. from Conseil 

24. Franco, F Thése de Paris, 1903-1904 
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six months previously, and this may have been the determining facto 
I have observed many cases of typhus fever in patients who had had 
typhoid in the same year. A house physician of the Mount Sinai Hos 
pital told me that the hospital possessed the history of two members of the 
same family who had become infected with Brill’s disease. Warren Cole- 
man observed the affection in four members of the same family in Bellevue 
Hospital. Dr. Lewis A. Conner told me of three sisters in the New York 
Hospital who almost simultaneously contracted the disease. But even al! 
these cases do not demonstrate direct contagiousness. I do not think that 
contagiousness, except in the presence of unfavorable conditions or of pre 
disposition, or both, has ever been positively demonstrated. There is to my 
knowledge in the entire literature only one case (this, however, is very 
instructive) of typhus fever transferred by inoculation from one individual 
to another, the author, Motschutkowski,?> having made the following 
experiment on himself: From a patient suffering from typhus he obtained 
a little blood through a small skin incision; he inoculated himself with 
this and eighteen days later developed a typical typhus fever which took 
a similar course to that in his patient. Since this author had treated 
many typhus patients for four years without being affected, he concluded 
that typhus can be inoculated and that the infectious agent must be in the 
blood. I mention this case believing that it is singular in the literature. 

There is hardly an infectious disease, the spreading of which depends 
so much on the hygienic conditions as is the case in typhus fever. Well- 


to-do people, or individuals who can afford the comforts of life, are not 


greatly subject to the infection. The disease, however, easily spreads it 
the dwellings of the poor and in lodging houses where there is bad air 
and little light. 

Brill’s cases were observed in the wards, not in the private pavilions 
of the hospital. Consequently, his cases came from the poorer classes, 
that is, from New York tenement houses. In buildings of this descrip 
tion several] inmates are usually affected by the disease during epidemics, 

Palatial residences, which are not secure from typhoid fever, scarlet 
fever and measles, are nearly always immune to typhus. In fact, during 
epidemics I have very rarely seen typhus among the better class o 
patients, and if in rare cases it did occur usually no other member of the 
family became infected, although no precautions in the way of isolatior 
were taken. Whoever is acquainted with these facts will not be surprised 
that in the well-ventilated wards of the Mount Sinai Hospital, and other 
equally well-equipped hospitals of New York, nurses, physicians and 
other patients have not been infected. 

In my town, in a small, well-equipped hospital, where during epidemi: 
years there were many patients with typhus fever, as well as a few ir 
25. Motschutkowski: Ueber die Ueberimpfung der Flecktyphus, St. Petersb 
} 


med. Wehnschr., 1900, p. 30. 
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er vears. I never observed infection of nurses or patients. I, mvsel 


ive been infected with typhoid and <Asiat cholera, but never w 
phus, notwithstanding tiie fact 1 t | can n clos conta vit 


patients during three epidemics 


Striimpe savs ‘In the well-ventilate barracks of the Leipsi 
Hospital cases of infection with typhus fever of physicians, nurses 01 
patients have only been isolated.’ 

Yet Striimpell speaks of epidemics, B of sporadic cases of “acut 
niectious sease.””’ Wryecekoff.*' referring to the epidemi of tvphus feve 
n New York in 1892, reports “that the medical and inspecting staffs 
were spared.” Of the nurses and sanitary police three or four only have 
contracted the fever and no one died 

According to Littlejohn," during an outbre ak of typhus fever i 
Edinburgh. seventy-eight cases were treated at the hospital! in a few 


months, Not one of the staff who came into contact with the diseas 


caught the fever. Statistics prove that typhus Is not more common ! 

the dwellers of the houses in the vicinity of the Juarez Hospital i 

Mexico, than among those who awe! n other quarters of the city. 

According to Arellano.*® at the said hospital, where there are always a 
reat number of typhus cases, the disease does not spread among thi 
tients who are in other wards of the same establishment. 

Want of cleanliness. insufficient food or food of bad quality, fatigu 
ind n depression are, according Brena. predisposing factors 
the spread tvphus 

The d sease has undoubtedly lost ts l nee on account of TOOK 

rienie conditions and thorough modern sanitation. It is no longer t 
inv extent a disease of important cent Sf ( lation s ed bv ¢ | 
sanitary staffs 

It now sca tacks the w cl e in 0 Is 
he fea ts assuming a wide-spread ¢ ley cha ter no ng 

sts. It cannot at the present time evel ( d a prominent dang 
to armies int ‘ oO ) eaguered t I But disease st eXis 


I \ ( =¢ se fas c( eT ( PSS wen eT 
i . % S multitude of diseases 
25. St n \ Speciell Pathol ind Tl ! dey n Kra iter 
ISSO. 1 13 


29. Mahor R. B The Causes and Management of Outbreaks of vy 


r in Rural Districts, Jour. State Med., 1899, p. 394 
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Before Matignon®® came to Pekin, there was no typhus fev 
évre de Pekin which this author recognized as the European ty} : 
fever. The predominating symptom in these cases was again intens 
headache. 

How mild some of these cases mav be is shown by a case of another 
1 


author,*? who writes: 


There are even ambulatory cases: in spite of high fever, prostration and 


cephalalgia, the patient can walk 4 Chinese, sick for five days, with a ten 
perature of 40.4 C. (104.7 F.) came on foot from a distance to the French lega 
tion to ask for a consultation, and was able to walk to the hospital, a distance of 


about 2.5 kilometers, or about a mile and a half 


From this case it may be seen how difficult it may be unde 
circumstances to make a correct diagnosis in sporadic cases 

I now come to the discussion of the Manchurian type of typhus. 

S. S. Botkin observed in the Far East a peculiar typhus with eruption 
but without mortality or contagiousness. The pathological anatomy could 
not be studied, because there was no mortality. When the author rea 
a paper describing his investigations, he found that the affection was 
known to the local physicians, who called it Manchurian typhus. During 
a discussion before a St. Petersburg medical society, a physi ian, Di 
Popoff, stated that he had likewise seen such cases in Warsaw, Poland. 

S. S. Simnitzky** reported two house epidemics of Manchurian typhus 
fever in 1907 and in 1908. In both instances the lodging-house and 
prison of Harbin were visited by the disease. The first time five persons 
were affected, the second time nine. According to this author, the diseas« 


has only slight tendency to spread and caused but slight mortality. 


B. A. Barikin* states in regard to the “so-called Manchurian typhus,” 


that during epidemics of typhoid and paratyphoid there are occasiona 
cases which in Europe are regarded as typhus, but they are distinguish 
by slight mortality and slight contagiousness 

Horiuchi** succeeded in cultivating from the feces, and in a few cases 
also from the urine of patients, a well-characterized bacillus which, from 


its agglutination with the serum of the patient or of others affected wit 


the disease, seemed to him to be the specifie pathogenic factor this 
affection. 

30. Matignon, J. J.: Le typhus des Européens Pékin, Jour. de méd Bi 
deaux, 1896, p. 437 

31. Matignon, M.: Le typhus a Pékin, Arch. de méd, et Pharm. mi ISO7 
p. 12 

32. Simnitzky, 8. S Raisski Vrach, 1907, No. 49 

33. Barikin, B. A.: Russki Vrach, 1909, No. 2, p. 46 

34. Horiuchi, T.: Ueber einen neuen Bacillus als Erreger eines ¢ then 
schen Fiebers in der Mandschurei wiihrend des japanische-russischer ieges 


Centralbl. f. Bacteriol., xlvi, 586 
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Ricketts and Wilder*® quote and publish the most recent observations 
of the contagiousness and transmissibility of typhus fever and of related 
infections. According to them, Nicolle and his associates have shown that 
typhus could be transmitted to the chimpanzee by the injection of the 
blood of human patients and then the disease could be transferred from 
the chimpanzee to the macacus monkey. In the latter species it could be 
propagated by the ordinary body lice. 

Spotted fever is a disease which, to judge by the descriptions, has 
a great deal in common with typhus fever. This disease has been specially 
studied by Ricketts and Wilder, who have shown that it is not contagious 
at all, being transmitted by the bites of certain species of ticks, so that 
the presence or absence of this variety of insect determines the state of 
the disease in any locality. So far as Mexican typhus, or tabardillo, is 
concerned, these authors are of the opinion that lice are probably the 
means of transmission of the disease. The flea is excluded from serious 
consideration because the season of the greatest prevalence of this insect 
does not coincide with the prevalence of typhus, while individual cases 
observed by them seem to absolve the bedbug from all blame in the matter. 

The words of these authors®* in reference to typhus fever deserve to be 
quoted literally, as they are very much in accord with the views defended 
in this paper: 

It is a peculiar fact that the conception of contagiousness has adhered to 
typhus up to, and including, the present time. Yet, in view of the facts that 
typhus, when endemic in the city, remains rather strictly segregated in the poor 
quarters, and that more or less intimate contact is required for transmission, it 
is manifest that contagiousness, if present at all, must be of peculiar character 
and of low grade. Typhus has never overwhelmed a whole city as small-pox did 
again and again in former times. In recent years, however, belief in the theory 
of insect transmission of typhus has extended widely, as affording a better 


explanation of the epidemiological features of the disease. 


If Nicolle’s results in transmitting typhus by means of lice be pro- 
visionally accepted, they throw additional light on the apparent immunity 
of Brill’s ward patients to the infection from neighbors suffering with the 
disease he has described. It is well known that lice rarely travel from 
bed to bed as fleas and bedbugs do: more intimate contact than mere 
proximity is required for their migration and, with it, for the trans- 
mission of any infection they may carry. It may be accepted that 
the wards of the Mount Sinai Hospital show no exceptions to these 


observations. 
I cannot enter here on the details of the clinical picture. but from 


lescriptions the Manchurian type of typhus seems quite similar to Brill’s 


Gesci 


and to the mild and medium cases which I have seen in European Russia. 


35. Ricketts and Wilder: The Typhus Fever of Mexico (Tabardillo), Jour. Am. 
Med. Assn., 1910, lv, 463 

36. Ricketts and Wilder: The Relation of Typhus Fever (Tabardillo) to 
Rocky Mountain Spotted Fever, Tue Arcuives INT. MEp., 1910, v, 361 
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The various observations, both personal and taken from recent medical 
literature gathered in this paper, show that the symptom-complex 
described by Brill is identical with that of the mild and moderately severe 
cases of typhus fever. In other words, his cases are not a new “clinical 
entity” but examples of an old though nowadays but imperfectly known 
disease. Typhus contagium, too, may always exist in a community yet 
not necessarily lead to an epidemic at any definite time, for innumerable 
local conditions may be the determining factors in the development 
of an epidemic. Who knows but that the cases “simulating typhus” and 
reported by Hubbard and Brill are not direct descendants from the cases 
of the epidemic of 1892? 

In any case, mere diminution of mortality and contagiousness should 
not lead us astray, for it is impossible to estimate the effect of modern 
hygienic and sanitary precautions on the character of such a disease of 
filth, hunger and poverty as typhus fever. Moreover, fatal cases have been 
observed by Brill in patients treated under the best conditions, that is, 
in the hospitals, and the mortality of from 6 to 9 per cent. observed by 
me in the general practice in a small Russian town does not then appear 
so greatly different. The fact that mostly Hebrews were affected among 
Brill’s cases must also be remembered; the statistics I have mentioned in 
discussing typhus among the Arabs shows how important are the racial 
peculiarities in this connection. 


] 
| 


Of course, time alone will decide the question of properly classifying 
the svmptom-complex so ably observed and described by Brill. In the 
meantime, however, it does not seem to me to be part of wisdom to retain 
his nomenclature of a “disease of unknown origin,” but rather call it 
New York typhus, just as the typhus of Pekin and of Manchuria has 
been named. This would go far in calling the attention of physicians to 
the clinical picture concerned, and, moreover, not connote something 
surely rare and unusual. The name “typhus” need cause no panic, as I 
have tried to show in the preceding pages, for it is no longer equivalent 
to the terrifying news, Hannibal ante portas. Modern conditions have 
robbed this scourge of mankind of much of its terror. 


CONCLUSIONS 

1. Typhus fever occurs sporadically in many regions. 

2. Mortality from typhus fever no longer reaches the high figures 
quoted by old observers of the disease. 

3. Typhus is little contagious wherever good ventilation, abundance 
of light and good hygienic conditions exist. 

+. Epidemics of typhus may occur at very infrequent intervals even 
where the disease is endemic. 
5. Brill’s symptom-complex is identical with mild and moderately 
severe cases of typhus fever. 
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CORRELATION OF CLINICAL PROGRESS WITH THE 
RESULTS OF IMMUNOLOGICAL STUDIES IN 
PULMONARY TUBERCULOSIS * 


ALFRED H. CAULFEILD, M.B 


GRAVENHURST, CAN 


One of the most striking features of tuberculosis is its 


variation. Thus, if one is given a picture of the amount and 


anatomical involvement, one can form but little estimation 


probable duration of the infection, its past variations or future 
bilities ; and one frequently finds that, if to this there be added the r 

of the general clinical inspection and as accurate an anamnesis as 
possible to obtain, the careful observation of some weeks is further neces- 
sary before one feels acquainted with the tvpe of case, which even 


may develop unexpected traits. Intuitively, one 

indications which may or may not be subsequently verified. Of 
these statements are comparative, and like all such in medicine 
to some extent on the clinical experience and judgment brought to 


ler any circumstances these considerations seem 


on the case; but un 
distinguishing features of this infection. 

These peculiarities help complicate both the diagnosis and pr 
and are chiefly concerned with the resistance of the patient. 
the type of resistance that I wish to present data. Befor 
this, it seems necessary to consider also the unusual range of 


infections. Roughly. we have the clinica normal case 
tuberculin reactions; involvement of glands, serous membr: 
which apparently remain confined to these structures; 
pulmonary tuberculosis; and finally, the typical miliary 
tuberculous septicemia. 

: 


Now the various immunological procedur at have beer 


aid diagnostic or prognostic values even i u tubercul 


been confined to certain distinct types; in the main, it 


results obtained with the “normal” 
acceptance of the uurely clinical 
to give 100 per cent. positive results with 
normal as well, s¢ at the general verdict 


doubtful cases in which thev are most needed: is probabl 


procedures that are fault, rather our method of 


*From the Pathological Department of the National Sanitarium Association 
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Agglutination, the precipitin and tuberculin reactions, leukocyt 
opsonic estimations share this disadvantage. 
If, however, one uses these methods not as an aid t 
prognosis at first, but rather to demonstrate evider 
stat as one would use the various methods of a physica 


of the chest to depict the anatomical involvemen ( assum 
Obviously. the biological 


but a valuable force. 


not only an interesting 
state, if demonstrated and understood in its entirety, must precede rathe 
than accompany the anatomical! involvement. The clinical responses ar 
due to the biological variations. 


{s a means of showing these biological variations I shall pr 
certain procedures,’ which will frequently be referred to for greater det 
f 


it on fairly large numbers o 


Cases, an 


all of which have been carried ou 
further attempt to correlate the results of these with certain nical 
ecognitions 
I. TUBERCULIN REACTION 

1. A positive result means only that the subject has been exposed to 
tuberculous infection and has reacted biologically. This specific stat 
lasts for a varying period in both clinically normal and tuberculous sub 
jects. Certain cases of pulmonary tuberculosis after years of infection 
may still show this markedly. This state may be taken as evidence o 
one part of the mechanism of resistance, and by itself can demonstrate 
only approximately the presence or absence of those bodies concerned in 
its production 

2, A negative result presents three considerations: 

\. No exposur 

B. Loss of sensitiveness 

C. Anergy the development of a condition refractory to tu 
culin (comparable to the antianaphvlactic condition in ana 
laxis ) 

It is not always possible to distinguish, in cases giving slight reaction 
between the second and third types. When loss of sensitiveness is takin 
place, it represents a partial victory by the infection against thi . 
and the accompanying clinical correlation probably depends on the exte1 
to which the particular patient is utilizing the bodies cor ned in t 
reaction for maintenance of life. This can sometimes be approximate 
gauged by the estimation of other resistance products. The refra 
condition does not seem to represent an infection victory but rat 
reverse. It is not only convenient to take this tentative hypothesis, bu 
apparently true clinically 

II. COMPLEMENT DEVIATION 
Complement deviation must be considered in both a specific and non 


specific light. As the former it is the true Bordet-Gengou phe 
wen published in the Jour. Med. Resear XXIV 


1. These have be 
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as the latter it is exemplified by the Wassermann reaction for syphilis. 
Probably the results obtained in tuberculosis are influenced by both fac- 
tors, but accepting a certain type* of positive reaction as evidence of 
tuberculous sensitizers, the following statements can be made: 

1. It is not obtained in the clinically normal giving tuberculin 
reactions. 

2. Its presence in the tuberculous is usually found among the more 
unfavorable type. 

These facts as well as other considerations suggest two theoretical 
conceptions: either tuberculous sensitizers are not produced by favorable 
cases and “normals” showing tuberculin sensitiveness, or they are pro- 


duced, though their presence is in some way masked. 


Ill. INHIBITIVE REACTION 


In attempting to solve this problem it became possible to show with 
the serums of certain favorable cases not giving evidence of sensitizers, 
an antigen-serum combination or effect that is non-attractive for com- 
plement. Consequently, with the technic of the deviation test complete 
hemolyses results.* This reaction capacity can conveniently be termed 
inhibitive. For purposes of expression only, it is convenient sometimes 

| 


to speak of such inhibitive-reacting serums as containing inhibitin. 


Further, if such antigen-serum mixtures are again treated by a sensitize 


serum, the end-result of complete or no hemolyses can be shown to depend 


on the relative strength of the opposing serums. 


IV. INDIFFERENT REACTION® 
From the technic employed, a third type of serum becomes evident in 
that there is no evidence of either sensitizers or inhibitin. This can 
conveniently, for these purposes, be termed “indifferent” (or Class ITT). 
From the results of the immunological procedures so far dealt with, 
one may tabulate the following demonstrations: 
1. By tuberculin reaction. 
\. Allergy or marked sensitiveness (host defense). 
B. Loss of sensitiveness (infection victory). 
C. Anergy or refractoriness (host defense). 
2. By complement deviation and its modification. 
\. Complement fixation — tuberculous sensitizer (Class II). 


} 


2. This has been to some extent discussed (Jour. Med. Research, see Note 1 
and will be dealt with again in a later publication. 

3. As outlined in the previous paper the inhibitive serum effect becomes dif- 
ferentially demonstrated when employed with strengths of antigen, which of them- 
selves non-specifically fix complement. With true antigenic strength, no more is 
demonstrated than that these serums do not fix complement. For practically all 
this work an alcohol-ether extract of the bacillus has been used as antigen 
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B. Inhibitive reaction — inhibitin (Class I). 
C. Indifferent reaction — (Class ITT). 


1. Correlation of Certain Clinical Considerations with Tuberculin 
Reaction Results 

A. Onset.—Typically this is acute with cases showing marked sensi- 
tiveness, a history of which has never been obtained in my comparativel\ 
few definite instances of refractoriness. 

B. Duration and Involvement.—With increase of involvement usual] 
sensitiveness tends to disappear, and as a general rule with length of 
duration also. There are, however, instances of marked sensitiveness 
being maintained throughout a long period (three to five years) of infec- 
tion with extensive involvement. In a few instances, considerable varia 
tions of sensitiveness have apparently obtained throughout the course of 
the infection. 

C. Variation —When this is marked and acute with regard both to 
clinical response and anatomical involvement, it has in my observation 
been confined to cases showing marked sensitiveness. The reverse also 
obtains, viz., definitely refractory cases do not show marked or acut 
clinical variations of response and anatomical involvement. 

1121 


D. General Prognostic Values.—Loss of sensitiveness is likely to be 
] 


neoretical 


followed by retrogression, as has been outlined already in the t 
remarks on the tuberculin reaction. Not all cases showing marked sensi- 
tiveness or refractoriness, however, can be classed as favorable without 
further discrimination by the results of the following reactions It 
would seem that the results of this additional biological discrimination 
harmonize with certain opposing observations on the prognostic value of 


the different tuberculin reactions. 


2. Correlation of Certain Clinical Considera 
Fixation (Tuberculous Sensitizers ) 


A. General Tendency.—Usuallv they are cases of doubtful tendency 
and extremely liable to acute and sudden clinical outbreaks wit 


corresponding alterations in the anatomical involvement. As far as can 


1 
} 


1 often 


be judged, all show tuberculin sensitiveness; usually this is marked. 


B. Temperature.—This is frequently pronounced in the outbreaks 


a. 
From considerable opportunity for observation where this has not been 


checked by continued, even absolute, rest in bed and by contrast with 


reverse treatment, it would seem that 
even 99 F. should be checked by rest in bed, and if this is not effectual 


the rest should be made absolute. 


’ ner . . , ° 
thions with the Rea fron of 


n these cases a repeated record of 


ne. a laa es 


os 


ee eee 
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(’. Variations in Progress.—One case (864') has come under obser- 
vation in which the fever and retrogression of the case eventually became 
beyond control, resulting in early death. This patient with considerable 
irregularity in her fever chart, with frequent records of 100 F. and more 
or less often 101 F. and 102 F., alternated at first from periods of some 
rest in bed to the activity of being up and about. Biological observations 
were repeatedly made, and latterly as the severity of the clinical response 
became more marked, it appeared that the sensitizer content increased, 
with concomitant loss of thermolabile quantities in the serum. This is 


ight involvement that has run a rapidly 


the only ease beginning with s! 
fatal course when these routine biological procedures were performed ; but 
from certain other closely related immunological tests it seems fair to 
infer that these conditions were present in two other cases with similar 
histories. This conclusion is strengthened by several incomplete observa- 
tions such as the following: Case 1761 was referred to the laboratory as 
an instance of more or less frequent onsets of temperature; had been 
classed as Turban Stage I in April and on the second subsequent exami- 
nation in October as Turban Stage II with increased activity. Three 
tests at different times showed the presence of tuberculous sensitizers. 

Since the earlier observations made on cases, many of which have 
given very distinct indications toward early and fatal terminations, 
has become evident that favorable local progress may occur in these cases ; 
but in every instance in which this has occurred, rest has carefully been 
enforced. In this connection the following case may be reported. 

Case 1052 has shown remarkable power to “clear” (spring 1909) without 
retraction, the anatomical condition from a Turban Stage III of marked activity 


of at least a year’s duration. About a year later, after a prolonged setback 
during which time this serum content was present, striking retraction of th 
chest resulted. The reaction was last obtained early in June, 1910, since then 
the temperature has gradually subsided and the general well-being has gradually 
improved. Since August, 1910, the charts have shown a practically afebrile 
condition. At this date, the chest for the first time showed some evidence of 


tibrosis, although unfortunately it was impossible to carry out the biological tests 
Later, in November, the retraction had become marked with improvement in the 
physical signs, and for the first time there was no evidence of the sensitizer con 
tent, although the tuberculin sensitiveness was as marked as at the first estima 
tion rhe condition of well-being and lack of clinical response at both favorabk 


periods are indistinguishable; the type of local improvement and the serum reac 


tions alone are different 


om , ; = 
['wo other cases which illustrate variations that have been fu 
followed are as It llows: 
CASE 1169 Aug. 10, 1910 { man aged 22. General appearance at present 


not good 
Weights Admission, 158; normal, 17(; 145 at 15 years; present 174 
History Diagnosis was made May. 1909, when the patient entered a hospi 
tal for bronchitis; he had not felt well for a greater part of the vear, particularly 
in January when he stayed in bed with fever without medical attention After 
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diagnosis, the patient, on leaving the hospital, resumed work and 
August, at which time he was taken quite suddenly with feve1 

less rest he improved, began work in October and continued till J 
when a second breakdown occurred. He entered a sanatorium Jam 
urban Stage II, moderately advanced He was discharged Fel 

institutional charts show variations but no maintained improvement. 
there was an increasing number of slight outbreaks from June t 
From November 7 till December 6 the temperature record shows 
curve with several registers over 100 F., during which time the pat 


said to be on more or less rest in bed From December 7 till Janu 


t4eo 


felt well till 
With more or 
anuary, 1910 
lary, 1910, as 
3, 1911 Phe 

Apparently, 
ill November 
an irregular 
ient might be 


ary 5 there is 


no register above or much below 98 F. On January 5 there is a fairly distinct 


curve reaching 101 F., which acuteness subsided January 16. Jam 
lute rest was enforced 

The following biological data have been obtained 

Nov. 3, 1910: Class 2 (Tuberculous sensitizers 

Nov. 16, 1910: Class 2 (Tuberculous sensitizers 

Jan. 3, 1911: Class 3 (indifferent reaction). 

Jan. 14, 1911: Class 2 (tuberculous sensitizers 

Feb. 3, 1911: Class 2 (tuberculous sensitizers 


From the biological work it seems impossible to represent gra 


correlations in their exact quantities—if such do exist—but the 


diagram may serve approximately to illustrate 


CASE 1371.—Marei: 11, 1910, a man aged 19. General appearance 
Weights——Admission 121, at time of investigation, 134, norm 


126. 
History Diagnosis made Aug. 3, 1910 The patient, though 
had been under treatment for pleurisy since April, and frequently 


irv 13. abso 


not confined 


examined for 


pulmonary involvement; for about a month previous to diagnusis of pleurisy 


he had not felt well, having had indefinite chest pains and some 


breath. 
Institutional Charts.—September, Turban Stage II, moderate] 


right-sided lesion with very distinct percussion and auscultator 


December 31, the charts are marked clear with the exception of slig 


the posterior apex and slightly more marked conditions about tl 


eft side as well; a further anatomical interpretation 


of the lower lobe. The laboratory chart of Nov. 22, 1910, shows slight involve 
] 


ment on the 
marked pleural involvement 
Biological Data November 3: Von Pirquet 50 per cent. O. 1 


lor 30x30 mm. from second to fourth day with subsequently 
sidence; swelling corresponds and is soft in characte 


November 3: Class 2, i. e. tuberculous sensitizer serun 


December 16: Class 2. tuberculous sensitizer serun 


Apparently, steady local as well as g | improvement toe 
presence of tuberculous sensitizers 

Treatment in Particular luberculin nd rest fe i temperat 

ich has occurred on three occasions 

This patient, in contrast to the preceding, ma contl ed 
sensitizer content eventually disappears 

dD (,ene ( nsiderations These cases el PTSistel 

rogression, ha ven wit! nerease of t sensitizer sti 

certain thermolabile constituents. If we se con 
n earlier observations. these cases are extremely | ‘ 

. } f..4) } ty <4} 
nfavorable progress. unless rest is carefu enforcer Witl 
nstances hav oO rret { stationar and ? e oO! ess fa 


shortness of 


v advanced 
Vv signs By 
rht signs ove! 


ie front apex 
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Fig. 1—Chart of Case 1160. Line with nodes indicates temperature. Heavy 
straight line indicates serum reaction curve. ‘lhe circle (0) indicates dates of 
serum reaction. From ato b: more or less incomplete rest. From ¢ to d: rest. 
From e to f: absolute rest attempted—not quite satisfactorily obtained The 
mark g indicates indifferent serum reaction; h indicates tuberculous sensitizers. 


changes, under which circumstances eventually the sensitizer serum con- 
tent has with temporary exceptions disappeared after, as far as can bi 


judged, the subsidence of the clinical responses. 


> 


3. Correlation of Clinical Considerations with the Inhibitive Reaction 
A. Early Cases.—Patients with slight involvement (early cases) in 
good general condition, nearly, if not always, have given this reaction. 
The possible exception is noted chiefly because of the doubtful nature of 
the diagnosis in certain cases that might be included in this class. 
B. Normals.—Clinical normals giving tuberculin reactions have so 
far all shown some inhibitive reaction: while (few observations made) 
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favoral 
ment 


( 


have given this in ful 





THE 1RCHIVES OF INTERNAI YVEDICINEI 


‘ly progressing cases of glandular and serous membrane involv 
- 
Involvement.—Quite frequently cases are found with extensivi 
al involvement and signs even of fairly marked activity; in 
ases considerable work may show no unfavorable effect. In all 
he inhibitive reaction has been present to some extent, though not 
extent. 
Ter ratur This correlation has been obtained in two some- 
fferent fashions. In the first method, observations have been made 
msiderable extent on about twenty-five patients in bed, but for 
easons these observations have not been systematically repeate: 
ese, some have shown traces of the reaction, a few have shown 


lete inhibitive reaction, while the immediate progress has prove 


‘ul or stationary. In every case (with one exception, in which thi 


ade). these doubtful subjects have shown distinct loss of 
ess. The results were almost entirely obtained among 
tvpes of Turban Stage III involvement, in which the work has 
that varving amounts of inhibition may be obtained with consider- 


} 


ini response and a bare ability to maintain a stationary loca 


ion. Theoretically, this does not seem at variance with one’s con- 


S the reaction is regarded as a quantitative method, indicatir 
: to be the main type of resistance contents. In view of thes 


ons one feels that each case must be considered by itself in the 


fullest manner both clinically and biologically. Among these cases wit] 
febrile tendencies more than elsewhere, there have seemed to be questions 
of internal medicine and surgery with their possible bearing on the 
cenera fare of the patient and also where the involvement is slight 
questions of diagnosis. Occasionally, observations have been made regard 
ing t I Tor etfs t OT exercise on certain of these cases |} therto cor 
fined: and this is in extreme contrast to my experience with cases showing 
tuber ; sensitizers. These limitations and indications are somew 
fully exer ed by the following case. 

CAS 1109 Aug. 31. 1910. a woman, aged 25 Genera ippearance g 
tem}! mer telvy l 

VW hts \dimission, 117; at time of investigation 2 normal, 120 

Histor Diagnosis made August, 1910; the patient sought medical a 
beca of s t « , ind marked lethargy w 1 seemed to inereas fter ar 
itta of n sles Mav: the symptoms were indefinitely spread over t 
ir vea During the two weeks preceding the investigation, and occasional] 
bef t t t is in bed because of fever. 

Institut ( Aug. 31, 1910 first examination classed as Tu in 
Sta I ht apical involvement extending in front to third rib and behind t 
well below the posterior apex; moderate signs of activity noted he second 


examination showed a stationary condition 


ion): No signs of activity are recorded; impair 


elo third examina 


resonances ! noted only at both anterior and posterior ay 
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rhe fourth chart, Feb. 22, 1911, shows but slight signs of doubtful characte 

Biological Data.—Nov. 6, 1910: V. Pirquet 50 per cent. O. T. (10 ¢.mm.) 
maximum color (faint) 30 x 38 mm. on fourth day with somewhat more exten 
sive swelling, soft in character. 

Nov. 3, 1910: Class 1—with very slight inhibitive reactior 

Nov. 16, 1910: Class 1—some inhibitive reaction 

Dec. 17, 1910: Class la—full inhibitive reaction. 


In this instance, the considerations regarding questions of internal 
medicine have not been definitely settled so that they need not be taken 
up here, although for evident reasons they have to be considered. Chiefly 
on account of the biological findings it was requested that this case be 
kept up in spite of the temperature, and tuberculin was administered 
The possibility of the medical complication would not have been consid- 
ered, had not the biological data been obtained. Be yond the biological! 
evidence the indications pointed toward probable retrogression, unti] th: 
time of the third examination; all examinations were made by the clinica! 
staff. 

The second fashion in which temperature has been observed has been 
on subjects more or less approximating the type described under Para 
graph C of this heading, and in connection with whom for various reasons 
more systematic checking has been possible. Here, in several instances, 
after varying periods of temperature (where the inhibitive reaction has 
remained the same) I have usually been unable to satisfy myself of any 
definite local change, while later the patients apparently assumed their 
previous condition of well-being. 

FE. Variations.—This paragraph can conveniently be introduced by 
the statement that up till the present there has been no instance of a case 
viving and maintaining a full inhibitive reaction, marked tuberculin sen 
sitiveness or definite refractoriness that has not progressed very favorably 

usually making either an arrest or apparent cure, although this natu 
rally is dependent on the time of observation. 

This ability to resolve fairly rapidly the anatomical involvement as 


judged by our physical methods — in contrast to those cases in whic! 


this does not obtain, although the patient may make slow and slight loca! 
improvement or good progress in the general well-being, seems ver 
definitely associated with these two biological conditions That other 
] 


) 


biological conditions may sometimes approximate this clinica] result is 


shown in certain of the histories under Heading 2; and as well in certain 


the scattered 


subjects about whom it is not possible as vet to arrang: 
immunological data 

Probably owing to the fact that very few patients reach my depart 
ment until some time after arrival, there have been only a few instances 
of increase in the inhibitive serum content. In one of these, particular 


the accompanying clinical improvement has remained in marked fas 


(Case 1107). 
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Fig. 2.—Chart of Case 1109. Line with nodes indicates temperature. Heavy 
line indicates serum reaction curve (when at the top, inhibitive reaction; when 
at the bottom, indifferent reaction). The circle (o) indicates dates of serum 
reaction (beginning with third reaction); «& indicates third and fourth physical 
examinations, respectively. Knowledge of anatomical progress remained in status 
quo (Turban Stage I, with activity) until third examination on Dec. 8, again in 
February showing the continued improvement. As far as determinable, the rise 
in the inhibition content preceded the favorable local changes 


On the other hand, there have been many instances of loss of the 


inhibitive reaction followed or accompanied by slight increase of local 


involvement, or suggestive specific clinical response, or both, when often 


at the time of the biological observations this might not have otherwis 


been observed. Particularly lately, as the number of patients and the 
time since their reaction observation increase, have these correlations 
been accumulating. This has been so definite and is of such importance 
that it seems worth while to outline instances dealing with different 


amounts of involvement and type. 


Case 312 { man, aged 24. General appearance splendid 
History.—Diagnosis made January, 1910; the patient had had a small hem 


orrhage while playing sport in December, 1909; later the B. tuberculosis was 
found in the sputum; there was a history of some lassitude and slight cold dur 
ing December only 

Institutional Charis.—January, 1910, slight right apical lesion with involve 
ment of the posterior apex (classed Turban Stage I incipient) 

By June 16, the charts are marked clear with the exception of very slight 
evidences at the posterior apex. During August and September, the posterior 
apex is marked clear, although again some slight evidences are marked ante 


riorly These two charts seem to be the best From this time onward, varia 








$52 THE 1RCHIVES OF INTERNAL MEDICINE 


tions have increased so that the December and January (1911) charts show an 
anterior involvement extending slightly into the middle lobe and record showers 
of rales on coughing. 

Biological Data.—Jan. 26, 1910: Von Pirquet 50 per cent. old tuberculin 
(10 ec.mm.) maximum color 60 x 50 mm. on the third day with indurative swell 
ing 30 x 25 mm.; some lymphangitis. 

June 12, 1910: Class 1. The full inhibitive reaction had been obtained many 
times previous to this date, as this serum had been used considerably in advance 
ing the theoretical parts of the work. This was the last date, on which this full 
inhibitive reaction was obtained, although subsequent work on June 14 suggested 
that it was not so strong or efficient as previously. During August work with a 
new extract which proved unreliable gave certain indications that the reaction 
was less marked. However, the conditions at the time of the last reactions were 
such that no positive value can now be attached to these indications. 

Nov. 3, 1910: Class 3 (indifferent reaction). 

Nov. 17, 1910: Class 3 (indifferent reaction with the faintest suggestion of 
inhibition ) 

Dec. 16, 1910 Class la (full inhibitive reaction). 
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Fig. 3.—Line with nodes indicates subjective indications; line with circle (0) 





indicates serum reaction: line with crosses (x) anatomical involvement. Chart 


of Case 312. (a) Top: full inhibitive reaction; no evidence of anatomical 
involvement; subjective indications, normal; (b) middle: indifferent reaction 
Class III). Turban Stage I, suggestion: (c) bottom: tuberculous sensitizers 
(Class II); Turban Stage II; definite. 


During the latter part of September and October and part of November, this 
patient gave rather indefinite symptomatic complaints that might have been 
explained by a saturation with sanatorium life. At this time the patient took a 
considerable number of leaves of absence. During December the general condi 
tion improved It should be stated here that the physical charts* were mad 


without knowledge of the biological findings until after November 3, and that 
the charts exhibited their fullest involvement only some time after the biological 
variations and at a time when these latter had returned to their former favor 
able condition. If the indefinite general symptoms can be accepted, the biological 
relations accompanied them (unfortunately repeated cutaneous tests were not 
feasible) and definitely foreshadowed the anatomical involvement as inferred 
from the physical examination. These remarks may be graphically charted in an 
approximate fashion (Fig. 3). 
Case 1372.—M., a man, aged 19. General appearance, very good 


Weights.—Admission, 149; at time of investigation, 155; normal, 146 


4. This remark applies to most, if not all, charts quoted as institutional 
The observations, clinical histories, ete., have been made by the pathological 
department. It seemed, however, that for this paper the use of the physical 
charts of the clinical staff would show an unbiased parallel 
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History.—Diagnosis made August, 1910; the patient had passed through 
treatment by three physicians for lethargy and cold with cough since March; 
these symptoms were particularly noticeable since April; the highest tempera 
ture recorded was 99 F. Family history marked 

Institutional Charts—November 5: Turban Stage I incipient, slight left 
apical involvement to third rib in front and the posterior apex behind. 

Dec. 9, 1910: There is an impression of possibly less involvement. 

Jan. 17, 1911: Bilateral involvement both anteriorly and posteriorly without 
much evidence, however, of activity, might be classed as Turban Stage II 

The results of the laboratory charts made in November and January corre 
spond, though less noticeably, to this variation; further, certain anatomical inte 
pretations made in the first were obscured or altered in the second. 

Biological Data.—Nov. 16, 1910: Class la (full inhibitive reaction 


Jan. 14, 1911: Class 3 (indifferent reaction with the faintest suggestion of 


former Class 1 phenomenon) 

Feb. 3, 1911: Class 3. 

The first chart shows variation occurring in January. There was nothing in 
the patient’s general condition to suggest that a change of progress was taking 
place, which is perhaps the fairest fashion to interpret the anatomical findings 
under the routine circumstances. The case has been afebrile and has shown con 
tinued improvement in general well-being 

Case 1105.—Sept. 3, 1910: A man aged 20. General appearance—good; 
well nourished. 

History.—Diagnosis made November, 1909 (after a two weeks’ illness of acute 
onset with temperature of 103 F.); the certainty being confirmed by the presence 
of the B. tuberculosis; the year previous to diagnosis suggestive but ill-defined 
symptoms. 

Institutional Charts.—December, 1909: Bilateral involvement of moderate 
activity classed as Turban Stage IT, moderately advanced. By August the charts 
showed very distinct improvement. From this date till the present, slight varia 
tions are shown which practically leave them in statu quo in contrast to the pre 
vious improvement. 

Biological Data.—March 9, 1910: Von Pirquet 50 per cent. old tuberculin 

10 e.mm.) color 30 x 20 mm. with indurated swelling 

March 9, 1910: Conjunctival 5 per cent. old tuberculin (10 ¢.mm } 

April 19, 1910: Class la (full inhibitive reaction) 

June 12, 1910: Class 1 (partial inhibitive reaction) 

Nov. 3, 1910: Class 3 (indifferent reaction). 

With the inhibitive reaction there was always some deflection of complement 
vith antigenic strengths, a result noticed in later work with serums, which often 
subsequently lost the reaction content. Certain symptomatic evidence corre 
sponds to the lack of improvement, and very definitely is this evident with the 
temperature records. These from March 16 till August 3 show no register beyond 
98.4 F. From this time on, there are many but irregular variations outside the 
normal range. 

Case 302.—Clinical normal. April 16, 1910: (Third eutaneous test on left 
forearm) Von Pirquet 50 per cent. O. T. 10 ¢.mm 

April 17: Color 10 by 12 mm.—no swelling. 

April 18: Color 15 by 18 mm.—no swelling, 

April 19: Color 16 by 20 mm. with equal swelling that is clear cut and indur 
itive 

April 20: Color 18 by 20 mm. with equal swelling that is clear cut 

April 21: Gradual subsidence 

April 16: Conjunctival 5 per cent, O. T. (10 c.mm.) negativ 

October 7, 1910: Von Pirquet 50 per cent. O. T. (10 ¢.mm.) on right forearm 

October 8: Color 20 by 18 mm.—no swelling 
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October 9 Color 20 by 20 mm. 10 swelling 
October 10 Color (patchy) 20 by 20 mm no swelling 
October 11 Gradual subsidence. The reaction was not affected by exercise 


and the color throughout was very easily pressed out 


Up till the following data, all clinical normals giving tuberculin reactions had 


shown repeatedly “some” inhibitive reaction with one doubtful instance 
Nov. 3, 1910 Class 3 (indifferent reaction 
November 16: Class 3 (very slight evidence of inhibitive reaction 
Jan. 3, 1911 Class la (full inhibitive reaction 
February 3 Class la (full inhibitive reaction 


This is the only example found of a clinical normal giving a full inhibitive 
reaction The subject has been fairly intimately exposed to tuberculosis, but 
particularly so in August, 1910. 


This serum has been used in the technic many times prior to August 
and with one possible exception, when it was old, has always shown some 
evidence of inhibition. Unfortunately, it happened that no reaction was 
made during September and October; the last two being on July 20 
and 23. Further, the fourth cutaneous test is distinctly different in tvpe 
and onset from the three previous, which have been more fully consid- 
ered in the first publication. It seems impossible to ignore, at the least, 
a diagnosis of biological or anatomical tuberculosis. 

As the reliability of these observations has increased, every endeavor 
has been made to check the life of the patient when a change in the 
serum reaction occurs. From this one hopes to prove a distinct indication 


regarding the general handling of cases. However, as can be seen from 


the remarks under Paragraph C and from theoretica] considerations, an 


unfavorable turn in an inhibitive reacting case may not always be 
preceded or accompanied by a loss of that serum content. While it is 
impossible to be certain that this has or has not occurred to some extent 
in the cases under my observation, no evidence of such has been noticed. 
On the present theoretical grounds, a loss of tuberculin sensitiveness 


should accompany this particular retrograde tendency. 


4. Cases Showing the Indifferent (Class 3) Serum Reaction 


This reaction has been found originally and confirmed in (a) defi 
nitely moribund cases and (b) others in which the main distinction seems 


to lie in their slightly plus and minus ability for slow local improvement 


with varied clinical response. It has been followed in patients who have 
shown a loss of tuberculous sensitizers and inhibition. and. as far as 


chronologically ascertainable, may be associated in the former with local 


and general subsidence, or even improvement, while in the latter with 
unfavorable conditions both objectively and subjectively. Further, these 
relations obtain with all varieties of tuberculin type reactions, so that 
the possible biological states seem confusing. It is on contrast cases of 


this type, however, that one hopes to show immunological differences that 
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may be here marked, and which may play an unusual and effective 
As a result, one feels that pulmonary tuberculosis bv itself presents 
three chief considerations for complete conception: 
1. The biological relations (or involvements) of host and infectior 
2. Anatomical involvement. 
3. Clinical response. 


These might be correlated as follows: The judgment of a case depen 


| 


ogical interactions between host and th 


on one’s conception of the biol 


} 


infecting tubercle, in consideration of the type, amount and duration o 
the anatomical involvement, and the resulting clinical response direct 
or indirect. One feels that all must be considered if one is to escape wit! 
the minimum of error in diagnosis, prognosis or treatment. The bio 
logical states can but roughly and approximately be estimated, as is also 
frequently true of the type and amount of anatomical] involvement by ou 
physical methods. 

One feels that this is an attempt to interpret broadly biological o1 
immunological data into clinical correlation without the almost essential! 
qualification of presenting a critical clinical conception of many cases, 
and also submitting chronologically the laboratory end-results to a sever 
comparison with the details of the clinical history and charts. With the 
majority of cases of tuberculosis it seems necessary to present with their 
varying fluctuations, during long-drawn-out periods of time, many appar 
entiy small irregularities of clinical response and temperament, as wel 
as the graver evidences of the infection, before one feels that the picture 
is sufficiently detailed. For this reason, only what seem to be the most 
important and clearest-cut examples have been given. These have been 
in the greater number of classifications repeatedly observed with slight 
variations. Clinical manifestations and anatomical involvement for cor 
relation purposes can hardly be dealt with under simple classifications, 
nor can the biological data be summed up as positive or negative tests 
These difficulties have underlain the presentation of the comparisons 
The procedures began March, 1910, and up to October had been carried 
out on sixty-six cases to a greater or less extent, as the more experimental! 
»yart of the work allowed their clinical application. Since then there 
have been eighty-four cases under as constant observation as the circum 
stances of the situation allowed, and the clinical variations in each casi 
demanded. In this way, the serums from nearly all had been tested unde 
many varving circumstances As serums whose characteristics wer 
determined have been used to further certain theoretical conceptions, 
f, 


frequent checks have been made on the same serum 


} 


The clinical applications have proved to be valuable, and, as they evist, 


the following considerations seem to be outstanding. With manv cases 
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the occurrence of tuberculous sensitizers is significant, as this condition 
is in the majority of cases associated with clinical reverses and often acute 
setbacks with high temperature. Subsidence of the clinical response in 


a few cases sufficiently closely investigated has been followed by a disap 


pearance of this serum content. Unusual opportunity for observation 


hac demonstrated the great benefit of restricting cases of this type to rest 
in bed on the slightest appearance of fever; absolute rest being enforced 
and maintained if the temperature does not respond. The impression 
s very distinct that rest may be judiciously advised in many cases of 
this tyne even when there are no febrile disturbances. 

Under favorable circumstances it has been possible to foreshadow 
oth the favorable and unfavorable progress of a case by the come and go 
of the inhibitive reaction. In certain instances a disappearance of the 
inhibitive reaction has revealed not more than a stationary condition, in 
contrast to a previously favorable progress, or to a condition which one 
had previously conceived in a favorable light. These correlations have 
been most acutely marked in the early cases of slight involvement. This 
is proving of value in checking the life of arrested or improved cases 
in patients on their return to work. 

Other aspects of tuberculosis seem to be affected by a consideration 
of these biological data, such as the administration of tuberculin and the 
selection of cases possibly suitable for other vaccine therapy; but I have 
attempted to present what seemed the most important, and have further 
confined myself to the results of those procedures relating to the humoral 
side of immunity. Certain possibilities relating to the cellular side aré 
at present under investigation and promise results. One feels constrained 
to draw attention to this because the purely experimental side of 
immunity is passing into the hands of the chemical pathologist and 
physiologist, while the possibilities of the present knowledge are not 
being applied clinically. Neuberger in speaking of Hippocratic medicine 
writes: “It is the conception of the medical vocation and the method of 
medical thought and action, true now as fhen, that distinguished that 
period.” Would not advancement be materially aided if we regarded the 
f f 


application of immunology as a necessity for the treatment of the patient 


rather than a method of research ? 
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THE INCOAGULABLE NITROGEN OF PUNCTURE FLUIDS. 
WITH SPECIAL REFERENCE TO CANCER 


\ PRELIMINARY NOTE * 


ROGER 8S. MORRIS, M.D 


ST LOUIS 


To determine whether a collection of fluid in a serous cavity is of 
malignant origin is often a matter of considerable difficulty. The specific 
gravity and albumin content are of little or no value. The usual bloody 
nature of the fluid is not diagnostic. The only reliable means of detecting 
a malignant neoplasm from a study of puncture fluids alone has been 
the finding of mitotic cells — very rarely of tissue fragments — in the 
stained sediment, and such cells are often lacking. 

In view of the demonstration of a proteolytic enzyme or enzymes in 
carcinomata and sarcomata, it occurred to me that the ferment, if secreted 
into a serous fluid, might disclose its presence by an increase in the quan 
tity of incoagulable nitrogen. With this idea, the present study was 
undertaken. 

That malignant tumors contain one or more proteolytic enzymes was 
first suspected by F. Miiller.1 That his surmise was correct has been 
demonstrated by the work of his pupils, notably Emerson,? Fischer*: * and 
Neubauer,* and by others. Petry’ demonstrated that autolysis occurs in 
carcinomata, a fact which was confirmed by Neuberg® and by other 
observers. Buxton and Shaffer’ proved the existence of a proteolytic 
ferment in cancers, the softer, more cellular tumors usually possessing it 
in greater abundance. Recently, Neubauer and Fischer* and Abderhalden 


*From the Clinical Laboratory, The Johns Hopkins University and Hospital 

1. Miiller, F.: Stoffwechseluntersuchungen bei Krebskranken, Ztschr. f. klin 
Med., 1889, xvi, 496. 

2. Emerson, C. P.: Der Einfluss des Carcinoms auf die gastrischen Verdau 
ingsvorgiinge, Deutsch. Arch. f. klin. Med., 1902, Ixxii, 415. 

3. Fischer, H.: Zur Kenntnis des carcinomatiisen Mageninhalts, Deutsch. Arcl 
f. klin. Med., 1908, xciii, 98. 

4. Neubauer, O., and Fischer, H.: Ueber das Vorkommen eines peptidspalter 
len Fermentes in carcinomatisen Mageninhalt und seine diagnostische hbedeu 
tung. Deutsch. Arch. f. klin. Med., 1909, xevii, 499. 

5. Petry, E.: Ein Beitr. zur Chemie maligner Geschwiilste, Beitr. z. chem 
Phys. u. Path., 1902, ii, 94. 

6. Neuberg, C.: Chemisches zur Karzinomfrage: Ueber anormale fermenta 
tive Vorgiinge beim Krebs, Berl. klin. Wehnschr., 1905, xlii, 118 

7. Buxton, B. H.. and Shaffer, P.: Enzymes in Tumors. Jour. Med. Researc!] 
1905, xiii, 543. 
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and his co-workers* have shown that malignant growths contain a1 
enzyme capable of splitting certain polypeptids into their constituent 
amino-acids. This has led to the introduction by the first-named authors 
of the glycyltryptophan test for the diagnosis of cancer of the stomach. 
With the demonstration, then, of a proteolytic enzyme in malignant neo- 
plasms and of the secretion of the ferment into the stomach contents in 
gastric carcinoma, it is readily conceivable that primary or metastati 
growths affecting the serous surfaces might secrete their ferment directly 
into the serous cavity and, therefore, into fluid occupying the cavity. 
Following the same line of reasoning, one would also expect to find an 
absence of the ferment in those fluids resulting merely from the pressure 
of tumors on 1m pé rtant vessels. So that. at th outset, it was anticipated 
that an increase in the incoagulable nitrogen, if found, would not be met 
with in all cases. 

The method used to remove the coagulable proteins was that of Hohl- 
weg and Meyer,’ slightly modified. The procedure is as follows: To 
10 e.c. of the puncture fluid in a 300 ¢.c. Erlenmeyer flask one adds a 
reagent composed of equal parts of 1 per cent. acetic acid and a 5 per cent. 
solution of monocalcium phosphate until the reaction is acid to litmus 
but still neutral to Congo red. The limit is rather wide, varying from 
about 2 to 6 or more cubic centimeters with different fluids. Distilled 
water is now added to bring the volume to 80 c.c. and then 80 e.c. of 
saturated sodium chlorid solution are poured into the flask. The mixture 
is now boiled to precipitate the coagulable proteins and is then filtered 
through a folded filter directly into a Kjeldahl flask. The Erlenmeyer 
flask and filter are washed three times with distilled water. A Kjeldahl 
determination is made on the filtrate. Owing to the quantity of sodium 
chlorid contained in the latter, a considerable excess of sulphuric acid 
must be added to convert the sodium chlorid into sodium sulphate and 
still leave sufficient sulphuric acid for the oxidation. For this purpose 
about 30 ¢c.c. of concentrated sulphuric acid is enough. Because of the 
preformed sodium sulphate, it is unnecessary to add potassium sulphate. 
Otherwise, the usual steps in the Kjeldahl method are carried out. All 
determinations are made in duplicate or triplicate, after a preliminary 
test of the filtrate has shown that the proteins are completely removed. 

In all, twenty-five fluids have been available for examination up to 
the present time. The results are given in Table 1, the incoagulabl 

8. Abderhalden, E., and Rona, P.: Zur Kenntnis der peptolytischen Fermente 
verschiedenartiger Krebse, Ztschr. f. physiol. Chem., 1909, Ix, 415; Abderhalden, 
E., Koelker, A. H., and Medigreceanu, F.: Zur Kenntnis der peptolytischen Fer 
mente verschiedenartiger Krebse und anderer Tumorarten, Ztschr. f. physiol 
Chem., 1909, Ixii, 145 

9. Hohlweg, H., and Meyer, H.: Quantitative Untersuchungen itiber den Rest 
stickstoff des Blutes, Beitr. z. chem Phys. u. Path., 1908, xi, 381. 
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TABLE 1.—INCOAGULABLE NITROGEN IN PUNCTURE FLUIDS AUTHOR'S CASES 
No. Diagnosis incoagulable 
Nitrogen 
in wm 


per cent 


1. Hydrothorax, chronic nephritis, arteriosclerosis 0.04585 
2. Ascites, alcoholic cirrhosis of liver 0.0189 
3. Hydrothorax, chronic nephritis, syphilis 0.0665 
4. Ascites, ulcerative endocarditis, arteriosclerosis 0.03395 
5. Ascites, chronic peritonitis, luetic cirrhosis valvular disease 0.0504 

6. Pleurisy with effusion, pulmonary infarct, chr. nephritis 0.05425 
7. Pleural effusion, cancer lung and pleura* 0.1162 

3. Case 7, about five weeks later* 0.1120 
9. Hydrothorax, mitral insufficiency, arteriosclerosis 0.03325 
10. Tuberculous peritonitis? 0.0406 

ll. Case 1, five weeks later 0.0420 

12. ‘leural exudate (1%), pulmonary tuberculosis, hypernephroma 0.05145 
13. Pleurisy, lobar pneumonia (empyema developed four days late .0805 

14. Tuberculous peritonitist 0.0399 

15. Hydrothorax, chronic nephritis, myocarditis 0.0529 

i6. Transudate, pleural 0.03045 
17. Tuberculous peritonitis 0.0532 

18. Pleurisy with effusion, pulmonary tuberculosis 0.05005 
19. Cancer of stomach, metastases in liver and peritoneum t 0.10909 
20. Ascites, uterine fibroid (7%) 0.0623 
21. Ascites, mitral stenosis and insufficiency, chr. nephritis 0.0413 
22. Hydrocele fluid 0.0532 
23. Cancer of liver, ascites (No metastases seen on peritoneum) t 0.0371 
24. Hydrothorax, myocarditis, venous thrombosis 0.0357 
25. Hydrothorax, chronic nephritis, myocarditis 0.0504 


*Diagnosis confirmed at autopsy. 

tDiagnosis confirmed at operation. 

tTypical case of gastric carcinoma. Tumor at pylorus with stasis; la 
Oppler-Boas bacilli, blood; positive glycyl-tryptophan test; palpable m« 
in liver. 


e acid 
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nitrogen being expressed in grams per cent. In the literature, no studies 
of the incoagulable nitrogen in the present connection have been found, 
but from observations on autolysis of exudates and transudates I have 
been able to collect a number of records from the publications of Umber,! 
Schiitz,** Schulz and Miiller,’* Eppinger,’* Galdi,’* and Zak*® (see Tables 
2, 3, 4, 5, 6, 7, respectively). The entire material comprises seventy 
eight observations on sixty-eight patients. From a study of these values, 


it is evident that the incoagulable nitrogen of puncture fluids is subject 





10. Umber, F.: Ueber autolytische Vorgiinge in Exsudaten, Miinchen. med 
Wehnschr., 1902, xlix, 1169. 
ll. Schiitz, J.: Besteht in Punktionsfliissigkeiten Autolys¢ Centralbl. f. inn 


Med., 1902, xxiii, 1161 

12. Schulz, O., and Miiller, L. R.: Klinische, physiologische und pathologisch 
anatomische Untersuchungen an einem Fall von hochgradigem Ascites bei Pfort 
aderthrombose, Deutsch. Arch. f. klin. Med., 1903, Ixxvi, 544 

13. Eppinger, H.: Ueber Autolyse in Punktionsfliissigkeiten, Ztschr. f. Heil 
1904, xxv (Abt. f. inn. Med.), 378. 

14. Galdi, F.: Richerche sull’ autolisi degli essudati e dei transudati, ¢ 
ital., 1905, xliv, 65 

15. Zak, E.: Ueber Autolyse in Punktionsfliissigkeiten, Wien. klin. Wehnsch: 


1905, xviii, 376. 
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iven by these writers, only 


lable nitrogen r, e.. befor 


[ have attempted to divide puncture fluids into three groups according 


to their content in incoagulable nitrogen, the grouping being provisional 


and subject 


to future revision. Group I ine 


ludes all fluids whose inco- 





agulable nitrogen is 0.0699 gm. per cent. or less, Group IT fluids having 
Paste 2 INCOAGULABLE NITROGEN FROM Umeper’s TARLE 
Ne Diagnosis Incoagulable 
Nitrogen 
in gm. 
per cent 
l Cystic abdominal tumors (autopsy) 0.0515 
2 fuberculous peritonitis 0.0352 
Umber, I Miinchen. med. Wehnsehr 192 lix, 1169 
TABLE 3 [INCOAGULABLE NITROGEN FROM Scui'tz’s TABLI 
No Diagnosis Ineoagulabk 
Nitrogen 
in gm. 
per cent 
] Ascites 0.07245 
2 Ascites 0.02415 
3 Ascites G.O381L15 
j Pleurisy, tuberculous 0.0294 
5 Ascites 0.0303 
6 Ascites 0.02 
7. Pleural exudate 0.0297 
Schiitz, J.: Centralbl. f. inn. Med., 1902, xxiii. 1161 
TABLE 4.—INCOAGULABLE NITROGEN FROM ScuvuLz AND MULLER 
l Portal thrombosis, ascites 0.0306 
Same case 0.0371 
Same case 0.0252 
Same case 0.0322 
Same case 0.0273 
Same case 0.0217 
Same case 0.0280 
Same case 0.0217 
Schulz, O., and Miiller, L. R Deutsch. Arch. f. klin. Med., 1903, Ixxvi. 544 
PaABLe 5 INCOAGULABLE NITROGEN FROM EpPrrIincer’s TABLI 
No Diagnosis Incoagulabk 
Nitrogen 
in gm. 
per cent. 
l. Pleurisy, tuberculous 0.0630 
2. Pleurisy, tuberculous 0.03460 
3. Peritonitis, tuberculous 0.03587 
4. Pyopneumothorax 0.0406 
5. Pyopneumothorax 0.03640 
6. Careinomatous pleuritis 0.07000 
7. Careinomatous peritonitis 0.14000 
8 Ascites, cardiac 0.02700 
9. Ascites, cirrhosis of liver 0.0348 
Eppinger, H Ztschr. f. Heilk., 1904, xxv Abt. f. Med 378 
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[ABLE 6.—INCOAGULABLE NITROGEN FROM GALDI'S TABLE 
No. Diagnosis Incoagulablk 
Nitrogen 
in gm. 
per cent 
1. Pleurisy, tuberculous 0.0563 
: Peritonitis, tuberculous 0.0435 
3. Pleurisy, tuberculous 0.0300 
4. Chylous ascites, cancer of pancreas and liver 0.0896 
5. Ascites, cholelithiasis 0.0369 
i 6. Pleurisy, tuberculous 0.0208 
} 7. Cancer of peritoneum 0.0532 
j 8. janti’s disease with cirrhosis and ascites 0.0359 
9. Case 8, some weeks later (peritonitis 0.0406 
10. Polyserositis (peritoneal) 0.1064 
3 1l. Cirrhosis of liver 0.0616 
12. Cancer of stomach and peritoneum 0.0448 
13. Case 12, five weeks later (7.0584 
14. Cancer of pleura 0.0602 
H 15. Cirrhosis of liver 0.07 
: *Galdi, F.: Clin. med, ital., Milano, 1905, xliv, 65 
TABLE 7 INCOAGULABLE NITROGEN FROM ZAK’S TABLI 
No Diagnosis Incoagulable 
Nitrogen 
in gm. 
per cent. 
l. Hydrothoray 0.04306 
2. Pleuritis 0.02792 
3. Pleuritis 0.01479 
} Ascites, nephritic 0.04139 
5. Hydrothorax 0.01391 
6. Ascites, chronic peritonitis, cirrhosis 0.04515 
7. Ascites, cardiac 0.04113 
8. Pleuritis 0.02436 
9. Pleuritis 0.02368 
10. Ascites, ovarian cysts (7) 0.0266 
ll. Ascites, tuberculous 0.03243 
12. Pleuritis 0.03133 
Zak, E.: Ueber Autolvse in Punktionsfliissigkeiten, Wien. klin. Wehnsechi 
1905, xviii, 376 
a 
Paste 8.—Grovup I. INCOAGULABLE NITROGEN LESS THAN 0.0699 GM. PER CENT 
From Table 1 21 observations on 20 fluids 
From Table 2 2 observations on 2 fluids 
From Table 3 6 observations on 6 fluids 
From Table 4 8 observations on 1 fluid 
From Table 5 7 observations on 7 fluids 
From Table 6 12 observations on 11 fluids 
From Table 7 12 observations on 12 fluids 
Totals 68 observations on 59 fluids 
(ancers—Group I 5 observations on 4 fluids 
§ 
: raBLe 9.—Grovup I]. INCOAGULABLE NITROGEN 0.07 To 0.0899 GM. PER CENT." 
7 From Tabl l l observation on 1 fluid 
From Table 3 1 observation on 1 fluid 
From Table 5 1 observation on 1 fluid 
From Tab) 6 2 observations on 2 fluids 
Totals 5 observations on 5 fluids 
Canecers—Group II 2 observations on 2 fluids 
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rarte 10.—Grovpe III. INCOAGULABLE NITROGEN 0.09 To 0.1+ 


From Table 1 3 observations on 2 fluids 
From Table 5 l observation on 1 fluid 
From Table 6 1 observation on 1 fluid 
Totals 5 observations on 4 fluids 
Cancers—Group III 4 observations on 3 fluids 


0.07 to 0.0899 om. per cent., and Group III 0.09 to 0.1 gm. or more. 
Using this classification, the majority of fluids fall in Group I, i. e., sixty 
eight observations in fifty-nine fluids. Group II contains only five fluids, 
while in Group III there are five observations on four cases (see Tables 
8. 9 and 10) In analyzing the three groups with reference to cancer. 


one finds that Group I includes four of cancer out of a total of fifty-nine 


Huids, Group II, two cases out of five, and Group III, three out of four 
It would thus appear though I realize that the statistics are too small 
to permit of generalizations that a puncture fluid with incoagulable 


nitrogen below 0.07 gm. per cent. is probably not of malignant origin. In 
Group II, one’s suspicions of malignant disease would be strongly aroused 
while in Group III the probability of carcinoma would seem to be great 
The single non-carcinomatous case included in Group III is one of “poly 
serositis’” (No. 10, Table 6). In explanation of this finding, there appear 
to he at least two possibilities, either that a non-carcinomatous fluid 
occasionally shows a very large amount of incoagulable nitrogen, or that 
vas in reality one of malignant disease. 

No explanation of the high incoagulable nitrogen in certain carci 
nomatous fluids can be given at the present time. It is highly probable, 
however, that it is the result of the action of a proteolytic enzyme. (The 
fluids have been tested for the presence of preformed tryptophan with 
negative result.) It is possible, too, that an anti-enzyme may account 
for the low values met with in some of the cancerous fluids. Both of 
these points are under investigation. An attempt is also being made to 
determine whether the application of this method to the blood may be of 
service in the recognition of malignancy. 


L806 Locust Street 

















THE INFLUENCE OF TEMPERATURE ON THE OUTPUT 
OF THE HEART * 


HEINRICH F. WOLF, M.D 


NEW YORK 


While investigating the influence of the viscosity of the blood on th 
output of the heart, I observed that the cardiac discharge depends in a 
large measure on the temperature of the fluid used to vary the viscosity 
This observation prompted me to disregard secondary effects for the 
present and to determine, first of all, the relationship between the tempet 
ature of the blood and the cardia output. 

The output of the heart was ascertained in accordance with th 
method of Rothberger.'’ The heart was placed in an oncometer of glass, 
the changes in the volume of the heart being recorded by air transmission 


Rothberger confined his measurements to the changes in the ventricies 
the volumetric variations of which were obtained by covering the lara 
orifice of the oncometer with a rubber membrane and by inserting the 
organ up to its auriculoventricular junction through a central opening in 
the membrane. Rothberger employed still another procedure. He placed 
the entire heart in the oncometer and fastened the pericardial membran 
over the brim of the instrument. Although actual values for the output 


of the heart cannot be obtained in this manner, it is nevertheless readily 


possible to record any change in the filling of the entire organ. As | 


] 


sought to determine solely those alterations in the output of the heart 


and in the pulse-rate which are induced by varying the temperature of 
the blood, it was not my object to obtain precise quantitative data regard 
ing the amount of the blood discharged by this organ. After all, th 


e 


ior example. 


cardiac output is very much influenced by outside factors, 
by the size of the animal, and the general condition of the heart and 
vascular system. 

The experiments were carried out on cats in ether narcosis. Th 
cavity of the chest having been opened, the pericardial sac was reflected 
and the heart placed in the oncometer. I made use of an ordinary Mare\ 
tambour instead of a piston recorder. The carotid artery was then con 
nected with a mercury-manometer. Cannulas were inserted in the femoral 
artery and accompanying vein. A short time before the beginning of th 
experiment, a certain quantity of blood was withdrawn from a second 

*From the Physiological Laboratory of Columbia University, College of Phy 
sicians and Surgeons, New York 


l. Rothberger: Arch. f. d. ges. Physiol., 1907, exviii, 358 \ similar method 


vas devised bv Henderson: Am. Jour. Physiol., 1906, xvi, 325 
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cat and its coagulation prevented by means of hirudin. Immediatel\ 
before each experiment, the blood of the first animal was also rendered 
non-coagulable by injecting a sufficient amount of the same substancé 
intravenously. A coil condenser was then filled with the blood obtained 
from the second animal. The ends of this coil were subsequently con- 
nected with the cannulas in the femoral blood-vessels, in such a way that 
the arterial blood traversed first of all the coil, before it again entered 
the circulatory system. A thermometer was placed in the venous end of 
the coil, for the purpose of determining the temperature of the blood as 
it entered the circulatory system. ‘The temperature of the blood as a 
whole could readily be altered by passing water of different temperature 
through the jacket of the coil. 

Naturally the temperature of the blood recorded at the femoral vein 
differs somewhat from that at the sinus of the heart, because as the blood 
n the coil soon meets the blood of the general circuit, the temperature 
must be higher at the latter point of the vascular system, and again, if 
the blood has been cooled, we would expect the temperature near th« 
heart to be higher than that at the condensor. The changes in tem 
perature occur gradually, but a certain variation cannot be avoided. 
because the velocity of the flow through the condensor also differs. The 
total amount of blood present in the animal always remains the same, 
because the quantity escaping from the femoral artery is again diverted 
into the vein. 

The experiments have proved conclusively that the lowering of thx 
temperature materially lessens the output of the heart. This effect is 
clearly shown in Figure 1. The upper record represents the volume of 
the heart as written by the cardiometer, and the lower record the carotid 
blood-pressure. The time is given in seconds. This line serves as the 
abscissa for the blood-pressure. 

Although a diminution in the pulse-rate appeared as a rule in conse- 
quence of the decrease in the temperature, the difference was not always 
striking. In some of the tests a change in the systemic blood-pressure 
also resulted, but the change did not conform strictly to the temperature. 
While a lowering of the temperature usually led to a slight increase in the 
blood-pressure, it also happened that this procedure induced a moderate 
decrease. It was also evident that very slight differences in the temper- 
ature suffice to produce very pronounced alterations in the output of the 
heart. Even changes in the temperature of the blood which remained 
within physiological limits were sufficient to influence greatly the worl 
if the heart. Herein lies the significance of this observation. 

While employing the method described by Lohman,? Rothman’ can 
to the conclusion that increases in temperature produce a similar chang 


2. Lohman: Arch. f. d. ges. Physiol., 1907, exviii, 260 
3. Rothman: Arch. f. d. ges. Physiol., 1907, exx, 400 
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and in the work of the heart. hence thes 


relationship to one another. Heglin* and also 


l l 


results by estimating the work of the heart 


piood pressure. 


In 


In accordance with Heglin, the 
ne reased by cold and dee reased by hot dou he Ss. 


Winkler, this observation is not seconded by Stra 


se experiments, but realize that they have no dire 


( tactors 
Winkler® 
terms of 
efficiency 
Although 
ssburger. 


t bearin } 








glin: Ztsehr. f. klin. Med., 
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1894, xxvi, 15 
Ztsehr. f. klin. Med., 1904, liv, 92 


Vagi were cut Output decreased on cooling Puls ite 
2?) to 160 Blood pressure showed a slight rise. 
Vagi were cut Output increased on warming the b "ulse 
om 160 to 184 Blood pressure showed a slight fall 
ssue here. In the first place, it is not proved that 
ge in the temperature of the blood results under the experi- 
ms described in these papers and, secondly, numerous tests 
earts have shown that the frequency of the beat varies witl 
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HEINRICH I WOLF 4167 
In endeavoring to find the cause of the variations in the cardia 


] } 


ischarge, I excluded, first of all. the influence of the nervous centers by 


severing both vag \ comparison of the records taken before and after 


double vagotomy showed cone lusively tl at this procedurt has no influe nee 


on the cardiae output. A decided decrease was again obtained by cooling 


1 


the blood, and an equally conspicuous increase by warming the blood 


The changes here alluded to are clearly portraved in Figures 2 and 3 


I also tested the effect of atropin in doses of */,,, to '/,, gr. The 
stimulation of the vagus nerve having become ineffective. the influence 


of changing the temperature of the blood was again determined 


with those deseribed previously were obtained 


as betlore 


} 


Results identica 
The variations in the cardiac discharge and in the pulse-rate mus 


hlood 


herefore, be dependent on a direct effect on the heart-muscle. Thi 
ressure is not always affected in a manner corresponding to the tempet 
ature of the blood. When the temperature was lessened, the blood-pres 
sure increased as a rule, while the warming of the blood was usual] 
followed by a decrease. Evidently we are dealing in this case with a 
peripheral reaction, in that the cooling of the blood caused a constriction 
of the distal vascular channels and therefore also a rise in the general 
‘lood-pressure. 

This fact is of importance in the treatment of infectious diseases, 
nasmuch as the work of the heart is a product of the output of the heart 


in a unit of time, in conjunction with the blood-pressure. The work of 
1 


the heart increases, therefore, with the pulse-rate, the cardiae discharge 


and the blood-pressure. The results of these experiments permit the 
assumption that the work of the heart becomes greater during fevers, 


provided the blood-pressure remains constant. As fevers affect not only 


the periph ra! hlood-vessels but also those of the heart. the resu ting 


mpairment of the nutrition of this organ must become the more severe. 


the create! the im rease in the WOTk ¢ f the heart. 
Mention must be made at this time of the nvestigation of Yosl 
methods that the ventilation 
} ] } 


1 ] 


mura.® who has proved by thermo-electrica 


pulmonary veins possesses a lower temperature than the cardiac substance 


and exerts. therefore. a cooling influence on this organ. If the escape of 


eat from the cardiac surface is prevented by enclosing the organ in 


otton. the temperature of the cardiac muscle rises several degrees and 
1¢@ pulse-rate increases considerably When infectious diseases, and 


especially pneumonia, are treated in the open. the cool air entering the 


ungs lowers the temperature of the heart and lessens, therefore, 


] 


work of this organ bv decreasing the cardiac output and the pulse 
359 West One Hundred and Eighteenth Street 


6. Yoshimura Are f. d. ges. Physiol 1900, exxvi, 239 








EXPERIMENTAL CARDIORENAL DISEASE 


HENRY A. CHRISTIAN, M.D., R. M. SMITH, M.D., AND 
I. CHANDLER WALKER, M.D 


BOSTON 
INTRODUCTION 


HENRY A. CHRISTIAN, M.D 


During period of about two vears in the Laboratory of the Depart 
ment of the Theory and Practice of Physic at Harvard we have beer 
studving the lesions produced by certain chemicals known to have a 
particular action on the heart and kidneys litferent phases of this 
study have been undertaken by Dr. Smith. Dr. Walker and mvself In 
each case the toy has been studied by those whose names appear wit 
the title and each study has been an independent one. However, as the 


topics are closely related and all form a part of a general investigation 


of cardiorenal disease, they are published together under the general titl 


of Experimental Cardiorenal Disease as part of a series of studies of 


which three’ have been published previously It is hoped that by such a 


combined method of studvy—in the beginning, of experimental lesions. 


later, of the natural disease in man—some further light eventually may 
be thrown on that tangled complex which we frequently speak of clin 
ically as carcdiorena disease. It will De ey dent to the reader ot these 


papers that such a goal is far from attained, ut some slight advance ma\ 


v Claimed from these experimental studies 
The general method followed in the present study has been to nyect 
animals, chiefly rabbits, with varving doses of the drugs used, to follow 


the course of the disease so produced, ana finally to autopsy the an mals 


preserving all of the tissues for histological study just as is done wit 
human autopsy material in a well organized pathological laborator 
Particular attention has been paid to the heart, the kidnev and the er. 


i oug!) other tissues have been examined. 
It has been quite evident to us that the substances used in this st 


a of whiel ave been emploved by other investigators. have a remarka 


From the Laboratory of the Department of the Theory and Practice of 


Physic, Medical School, Harvard University 

l. Study I Smit R. M rhe Origin of Urinary Casts An Experimental 
Study, Boston Med. and Surg, Jour., 1908, elviii, 696 Study Il Christian, 
Henry A.: A Glomerular Lesion of Experimental Nephritis: Boston Med. and 
Surg. Jour 1908, clxix, 8 Study III. Christian, Henry A Clinical Value of 


Recent Studies in Experimental Nephritis; Jour. Am Mi Assn., 1909. lili, 1792 
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tive lesion commonly found in aeute uranium nit 


STUDY IV. VASCULAR LESIONS OF ACUTI 


NITRATE) NEPHURITI 


HENRY A. CHRISTIAN M.D 


In 1908. unee the title “\) Glomeruli 
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lized effect in that the ma d action is one organ wit t slight 
action on other organs lranium nitrate, ete. have it little demor 
strable action in producing lesions elsewhere than in the cine ind s 
for spartein and adrenalin in relation to the heart This makes it possible 
to control quite satisfactorily the experimental lesion At the same time 
individual susceptibility in animals varies and other imperfect under 
stood factors enter to render difficult the regular production of chronis 
lesions, which in the main are what we must pro e ly e al 
experimentation will greatly aid us in obtaining knowledge of chror 
cardiac and renal disease In man 
252 Marlborough Street 
é 
| OFS 
SI 
bi I Camera lucida drawing of a glomerulus showing the tvpe of degenera 


trate nephritis n the rabbit 


XPERIMENTAI (LT RANIUM 


ir Lesion (yy kexperimenta 


Nephritis’+ | deseribed certain changes found in the glomeruli of the 


kidney in rabbits which had received subcutaneous injections of uranium 
nitrate. These changes were found in eleven of a series of thirteen 
rabbits treated in this wav. 

The lesion desc ribed at that time is essentially a vase ar lesion affect 
ne the capillaries of the ol merular tuft and consists of a tvpe of | riine 


From the Laboratory of the Department of the 
Medical School, Harvard University 

Reported at the Annual Meeting ot tive \sscn 
May 9-10. 1911, Atlantie City 

*+Christian. Henrv A Boston Med. and Surg 


jiation of American Physicians 
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degeneration of the wall of the capillary, as shown in Figure I. The 


lesion was described as follows: 


rhe lesion consists of the appearance in the glomerular tuft of small, roun 
or oval, rarely irregular, homogeneous droplets, varying from a half to fom 
microns in diameter These droplets appear in the wall of the capillaries making 
up the glomerular tuft, and do not occur either in the lumen of the capillaries 


or in the space between the glomerular tuft and the capsule of the glomerulus 


except in rare instances, when their position might be explained as an artifact 
in preparation rhey were not found in the epithelium lining Bowman’s capsule 
In some glomeruli, only a few seattered droplets occur, while in others they are 
very numerous Very often in a glomerulus they tend to occur in gre ups of three 
to six or eight, and where the larger groups are found, almost always some of 
the droplets are considerably coarser than others of the same group In some 
rabbits almost every glomerulus contains many droplets of fairlv large size in 
others the droplets are uniformly smallet In some rabbits, some glomeruli 
contain numerous droplets while adjacent glomeruli are free from them This 


focal distribution seemed to have no relation to the other lesions of the kidne, 





Fig. I11.—Camera lucida drawing of a glomerulus from Rabbit 106 (acute 
uranium nitrate nephritis) showing fibrin thrombi in the capillaries of the 


glomerular loops 


and no cause for it was to be made out In kidnevs showing slight degree s ot 
the lesion, only here and there a glomerulus showed a few fine droplets 

The droplets which are here described stain intensely blue black with Mallory’s 
phosphotungstic acid hematoxylin (hematein) stain, and resist decolorization 
with ferrie chlorid for a long time. With eosin and methylene-blue they stain pal 
red The exact nature of the droplets is not known. Usually they can be dis 
tinguished quite easily from the somewhat more irregular granules associated 


with fibrin threads in the glomeruli 


As this degenerative lesion of the glomerular tuft is essential], 
vascular lesion, and inasmuch as the recent studies of nephritis have 
tended to show that the edema of the disease is dependent on some vascular 


I am indebted to Miss Piotti for these drawings. 
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: injury, and since the substance, uranium nitrate, which pros : 

: above described glomerular lesion is the one which experiment: most 
frequently leads to the accumulation of fh ! ( ca es and 
subcutaneous tissues In association wit renal [es Ss, It seemed desirabie 
DV a series OF ¢ xperiments to determine whether or not oth emonstrable 
vascular lesions resulted from the use of uranium nitrate i ibbits. 
Consequentl\ the following series of medium-sized rabbits were injected 
subcutaneously with 5 mg. of uranium nitrate at periods of ¢ 
hours. as shown in the following protocols: 

Rabbits 100 and 101 were injected subcutaneously M 24 t ) f 
uranium nitrate and were killed twenty-four hours ite! 

Rabbits 102 and 103 were similarly injected on Ma aT al ss 
illed forty-eight hours after the first injection 

: 

: 

7 

' 

- 
: 
Fig. 1 Rabbit 225: kidney shows slight irregularity of surfa 


Rabbits 104 and 105 were similarly injected on March 27, 28 and 29. and were 
killed seventy-two hours after the first injection 

Rabbits 106 and 107 were similarly injected on March 27, 28, 20 and 30 
Rabbit 106 was found dead ninety-six hours after the first injection, and Rabbit 


107 was killed ninety-six hours after the first injection 


Rabbits 108 and 109 were similarly injected on Mars 27. 28. 29 ay 0. ar 
were killed 120 hours after the first injection 

Vacroscopic Chanaes. Of these rabbits. 100 and 101.) shows at 
autopsy no departure from the normal. Rabbit 102 showed the usua 


amount of moisture in the body cavities, and scattered over the post 
portion of the neritoneal cavity numerous small subcutaneous hemor 
rhages of abe ut pin-head size, Rabbit 103 showed a adistinet nereases 


amount of moisture in the body eavities, and a small amount of free fluid 
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Rabbits 108 and 109 showed a mods 


fluid in the body cavities 
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In Rabbit 100 very slight degenerative char 
mm were ta [neo lesions in the 





Fig. 2 Rabbit 257 


irregularity of surface of kidney 


Kidney 


In Rabbit 101 there was a more marked de 


tubular epitheliun 


scattered tubules, and the presence in the lumin; 


composed of desquamated., degenerated epithe 


material No glomerular lesions could be m; 
In Rabbit 102 devenerative changes =u 
Rabbit 101 occurred, but in very much mor 


glomeruli there was quits 


material in the capsular space The walls of 
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glomerular tuft appeared to be distinctly swoilen. The lumina of thi 


} 


capillaries were usually less evident than in the preceding rabbits. The 


glomerular tuft gave the impression of an increased cellularity. However, 
no actua! evidence of cell proliferation was found in the glomeruli, thoug! 
in the tubules occasional mitoses were seen, indicating that reparative 
changes were in process in the epithelial cells of the tubules, 

Rabbit 103 showed the same lesions as those described in Rabbit 102. 


} ! ! 


but distinetly Jess marked in degree than in Rabbit 102. though slight 


more extensive than those desc ribed in Rabbit LOL, 
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Fig. 3.—Rabbit 128. Kidney shows focus of marked cellularity infiltrated 
with neighboring focus of moderate connective tissue increase Magnification 


125 diameters 


Rabbit 104 showed the same changes as described in the preceding 
rabbits, and in degree about equal to that found in Rabbit 102.) In addi 
tion, the glomeruli in Rabbit 104 showed seattered in the walls of the 
capillaries of the glomerular tuft hyaline droplets as deseribed inom) 
earlier report (see Fig. 1). These droplets were present in the majorit 
of the glomeruli, and most of them were relatively coarse In addition 
to these hyaline droplets staining darkly with the phosphotungstic acid 
hematein stain, the cvtoplasm of the cells of the glomerular tuft was dis 


tinctly more granular than in the preceding animals These egranules 
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were fine, irregular, and stained rather palely compared with the droplets. 
They resembled t general appearance of granules ordinarily found in 
the epitheliun ning tubules of the kidney where there is only a moderat: 


degree of degenerat on present 
Rabbit 105 showed a very slight degree of tubular degeneration, not 


more than that shown in Rabbit 101, and no lesion was seen in the 
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Fig. 4.—Rabbit 130. Kidney shows irregularly distributed areas of connective 








tissue increase in part fairly cellular Magnification 146%: diameters. 


In Rabbit 106 an extensive degree of degeneration and necrosis in the 
tubular epithelium were found. The glomeruli almost without exception 
showed the following lesion. The capillary loops nearlv evervwhere were 


filled with fibrin thrombi made up of rather coarse threads of fibrin which 
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Rabbit 108 showed extensive degenerative changes in the tubular 


epithelium, and the presence of many hvaline droplets in the walls of the 


iomerular tuft 


Rabbit 109 showed changes verv similar to those deseribed in Rabbit 


] 


108, including hyaline droplets in the walls of the glomerular tuft. 


In this series of ten rabbits, definite vascular lesions occurred in the 
glomeruli of five animals. As a funetional vascular injurv has been 
assumed to be the cause of the edema of me phritis, it would seem probable 
that some demonstrable anatomical evidence of this lesion might be found 
Vv using the same technical method that demonstrates so well the above 
] 


described glomerular lesion, a lesion hitherto overlooked. However. a 
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Fig. 6 Rabbit 226 Kidnev shows connective tissue increase. 


{ 


very careful study of the smal! vessels of the kidney. other than those of 


glomerular tuft, failed to show anv demonstrable lesion, either with 


the 
the phosphotungstic acid hematein stain, or with the eosin methylene-blue 


stain, or the elastic tissue stain of Verhoeff. In addition to the kidney. 


the heart, liver and the spleen were studied by these same methods, but 


no demonstrable lesion was found in the blood-vessels of any of these 


organs, 


Small arteries and veins as well as capillaries in sections of tissues 


are not.easv of examination, owing to their verv thin walls which present 
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verv little surface for study in any given section. In the capillary tuft 
of the glomerulus, the same conditions do not hold because there, with the 
convoluted course of the capillaries and the large number of loops ager 
gated together, a verv considerable surface of capillary wall presents for 
examination. It seemed possible that this fact might be an explanation 
of finding anatomical lesions in the capillaries of the glomerulus and 
failing to find them in other vessels of relatively the same size. 

In order to get small blood-vessels more suitable for microscopic exam 
| 


ination, the mesentery was selected, inasmuch as here numerous small 


vessels run in an exceedingly thin tissue which, with proper precautions, 














Fig. 7.—Rabbit 129. Kidney shows a focus of connective tissue increase with 
almost complete disappearance of the tubular struetures and persistence in’ the 


glomeruli Magnification 125 diameters 


can be prepared and stained without sectioning, so that a good view may 
he had of the small vessel in longitudinal optical section, thus reveating 
clearly all of the cells and tissue that go to make up the vessel-wal 
1 | 


Instead of cutting sections of this tissue, the mesenterv was prepared by 
stretching it over the end of bottle tops and tying it in this position. Th 
bottle top with the attached bit of mesentery was then fixed in Zenker’s 


fluid and carried through the various staining procedures. Stretched over 
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the bottle top the mesentery was prevented from shrinking and remained 
flat and smoot After the staining was completed and the mesentery 
dehydrated in alcohol, with fine scissors rectangular bits of the mesentery 
were cut away, cleared in xylol, and mounted in balsam, just as would be 


done with a celloidin section, 


By selecting thin bits of the mesentery containing small blood-vessels. 
t was found possible to study verv thoroughly the walls of such vessels. 
In them, however, no lesions in anv way analogous to those found in the 
apillary tuft of the glomeruli could be made out. Since in these rabbits 


not infrequently there is a considerable amount of free peritoneal fluid, 











Fig. 8 Rabbit 245 Kidney shows an area of quite dense connective tissue 
extending in from the surface of the kidney as a sear This connective tissue 
very largely replaces renal elements. The glomeruli are more resistant than the 


tubules Magnification 125 diameters 


it might be supposed that these vessels contributed to the accumulation 
of fluid, and in them should be found an anatomical lesion corresponding 
to this assumed functional lesion. However, this was not the case, or in 
other words, the methods of fixation and staining utilized did not succeed 
n demonstrating any anatomical lesion of these blood-vessels. 

Thinking it possible that some larger blood-vessels might show a 


rabbits the aorta and inferior vena cava were ligated 











condition. Subsequently, cross-s ections of 


study of these, howeve r’. failed to show 
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» as to be distended with blood, and were fixed in Zenker’s fluid in this 
these distended vessels were 


mbedded and stained in the various wavs deseribed above Histological 
anv anatomical lesion. 


it is seen that the onlv anatomical lesion 
a 


ced 


\s a result of these studies, 


ssels found in association with the renal | 


Csions produ 


the blood-v 


Kidney shows large area of connective tissue extending 


Fig. 9. Rabbit 257. 
In this area the tubules have almost disappeared 


in from the surface as a sear. 
a result of th 


rhe glomeruli are well preserved and situated close together as 
Magnification 146'% diameters 


disappearance of the tubular structures 


in the glomerular tuft. The 


'y injections of uranium nitrate occurs 
thie 


eausal relation of this lesion to the uranium nitrate is shown in 
following table, Table A, which gives the amount of uranium nitrate an 


| ar 


the frequency 0 se which produced this lesion in rabbits 
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| e quest not dosage Was a inatter to w ‘ considerabl attentiol 
Vas viven and no little experimentation. t was found for a ra 
average weight (1.500 to 2.000 om.) 5 me. of uranium nitrate was as 
cho as it was safe to give, since larger doses mi the animals i : 
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Fig. 10 Rabbit 129 Kidney shows marked dilatation of one tubule. m« 
erate dilatation of the glomerulat space in one glomerulus, with surrounding 


nective tissue increase and atrophy of tubules 


Instances lhis se gave a rather severe ae nephritis, but the erea 
majority of the animals survived. By following the first-used animals 
very carefully it was found that in about three weeks the urine was near 

norn al, he, the atta of acute nephritis was neat over. This interval. 
three weeks, was taken, therefore. as the time at which the njections were 
to be repeated \nother method of emploving this drug was to give vei 

frequent small doses. For this purpose 2 mg. everv three davs were used 
The comparative results of the two methods of injection will be discussed 


ater. Potassium bichromate was used in a 1 per cent. solution. Here 


also the size and frequeneyv of dosage was determined by experimentati« n. 
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Fig. 1] Rabbit 221 Kidney show ire 
marked dilatation of a group of tubules Magnitica 

issium Was g n, O.005 we 

| on Fowler’s solution 

Beside tl animals used in : i" 
I lied to ide the Hossib lit | 
to spontaneous lesions. Some lesion was foun 
rabbits, o1 20 per cent, The lesi ls wl en foun 
nstance of a single area of round-c filtr 
nerease or a small group of dilated tubule Si 
Ti a slight variation from normal as 
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Vnothe showed nothing but a connective tissue increase. ‘Two showed 
moderate dilatation of tubules, but little else. The remaining two showed 
well-marke esions—one of the animals had had intravenous injections 
wt P | ] | he 1] | Pas x 
: eins ite and adrenalin (epimephrin) chlorid everv dav fo 


two months, Phi experimental rabbits havin raniun nitrate ane > 


liils= te Injections running over t ee months trom the time 
of 1 first injection to the time of autopsy, thirtv-nine in number. showed 
esions of ome rm or another in thirtv-six cases or 92.5 per cent Seven 
guinea-pigs were similarly treated and four or 57.1 per cent. showed : 
esions. ‘The percentage of experimental rabbits having lesions is so large, 








Fig. 12 Rabbit 268 Section shows myocardium with marked congestion 


of capillaries Magnification 185 diameters 


° 
the percentage of controls with lesions so small and the lesions so insi 
| 


nificant when present, that it makes it impossible to assume that the 





lesions in the experimental animals were other than the result of the ; 

injections given. The chronic lesions caused by uranium nitrate and 

potassium bichromate were the same, and will therefore be deseribed 

together 
Three side-studies, so to speak, were made on this series of animals: 

(1) the weights of heart and kidnevs in relation to the bodv-weight of the 
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animal and in relation to eacl ther: (2) the effect « snl 1 
and water in the production of edema: (3) a functional test in excreting 
phenolsulphonephthalein. These investigations are considered separat 
In other papers and are therefore only mentioned here 

The kidnevs, macroscopically, were, In most cases, 1 MN hn apy I 
ance and in all the capsule stripped easily. On section the markings were 
distinct and the cortex not narrowed In some the surface was covered 
with many irregular, smaller and larger depressions and on s¢ ! < 
of fibrous tissue could be seen running down into the substance « 
organs. ‘These macroscopic lesions occurred principa nt animals 


- Fr 








Fig. 13 Rabbit 266. Section shows a portion of myocardium with interstit 
edema and moderate connective tissue Increase Mavnifieation 185 rete 
that wi rec d potassium b romate (Rabbit 22 Fig I t 
257, Fig. 2) 

Mik roscoplea Variations tron the n ha were seen ! I e ] 
4] = 4 
varticulars. The most frequent abnormality was round-c¢ nfiltration 
This oceurred in the animals which had receive ral m al ( on 
Injections, but most consistently in those rece ng the re rst 
| | ! el sma ere 


uranium. The areas of in 
Phe I ocation Was variable 


quent! oft considerable size. 
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(ht 128, Fig. 3, also Rabbits 177. 189 and 195) 

Bes <i ition « suund cells, in a certain numb ils 
is n of definite connect tissu rhe connect ss 

t : : ! ung (Rabbit 150, Fig. 4). b ns ‘ 

nstances Was ny gon = tissue stage (Rab 1) 
Fig ! : 26, Fig. 6) Phe dist I e conne e tiss 
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Fig ) . t = showin ! crease In connective tiss 
nl =s ss ! i= ine al ‘ nning nto the s - 
r erv with t uypex inward. It was : 
< nds vel nd i nnection WwW the macros 
( ssjons he dnev (Ra 45, Fig. 8, 257, Fig. 9 
<0 Rabbits 124, 207, 208 and 264) 
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scopicaily normal Microscopically seattered ever through tl tior 
and in many places surrounding a small collection of tubules, connective tissue 
found in excess of normal and containing many Ivmphoi | In these ireas 
of connective tissue there are a few dilated tubul ind an ox nat ited 
glomerular space 

Prorocot 128 Rabbit Weight 1330 Caged November 16 On l7th given 
0.005 om. uranium nitrate Repeated on December 8 Found dead December 20 

futopsy.—No edema Lungs show consolidation Macroscopically other 
rgans normal Kidney microscopically shows areas of round cell infiltration with 
some increase in connective tissue little dilatation of tubules and glomerular 
spaces, 

Prorocot 129 Rabbit Weight 1520 Caged October 12 On 3th given 

14 { 18, 19 o, Zi 


0.001 om. uranium nitrate Repeated October 





| u l7 Rabbit Sv s ti \ t tal 
" IN rT \ n i in \l s n 
», Pe 27 s in ¢ tol “) iven O.002 i 
iv until Februa lO. Die \; 7 
buto; \ mia lleart weight Son \l i ri n n 
Ti icall ine Mie pieal t 1 n com 
ti 1 nt repl the tubules mm t Et 
in its midst Son thi nectl ti fairl ular In t at 
fibrous tissue there 1 me dila ubu and ! it vlon 
PROTOCOI P30 Rabbit Weight 40 Caged ©) | (hy ! ! 
O.001l om. uranium nitrate Repeated October 14 lt Is, 10. 20 | 
25, 26, 27. 28. 20. and Oetober 30 given U.002 on ite 


third day until Februa 10 Nilled Mare 24 
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lufopsy No edema Heart weight 4.2 gm Nidnevs, weight 0.6 om.. cortex 
strips easily, very pale on section, otherwise norma] Microscopically the capsule 
ud cortex beneath is verv irregular in outline with some connective tissue 
increase often running in from the depressions; some round-cell infiltration in 
the newly-formed connective tissue and in small patches elsewhere, some dilatation 
of the tubules and glomeruli, especially the latter 
PROTOCOL 208 Rabbit Weight 1740 Caged December 2 On 3d giver 
0.005 om. uranium nitrate Repeated every third day until March 28 Wille 
April 28 
Functional Test Very slight excretion of phenolsulphonephthaleir n om 
ur, too small to estimate 
lutopsy Exeess of thuid in a odv cavities Heart eight 6.42 on i 
nevs, weight 11.95 on macroscopica | norma eapsule strips easil Mier 
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Fig. 21 Rabbit 268 Section shows slight thickening of pericardium wit! 


slight edema and congestion of vessels of pericardium and myocardium Mayniti 


cation 185 diameters 


scopically very little round-cell infiltration, but marked increase of connective 
tisstne Some portions of the section show no tubules, the vhole tield being 
made up of connective tissu Frequently small islands of tubules may be seen 
in the mass of surrounding tissue Seattered diffusely through the organ ar 


some slightly dilated tubules 


Prorocot 221 Rabbit Weight 1460 Caged December 2 h ; given 
005 gm. uranium nitrate Repeated every third iv until Mareh 21 Wille 
March 24 

{utopsy No edema Hleart velght 4.4. on NKidnevs eloht lilo on 


macroscopically appear normal microscopical! she pat es of nfiltra 
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Luto; No edema Heat weight 5 on Ni 
normal, except for nyestion vlomeru ul son . 
PROTOCOL 238 Rabbit Weight 1730. Caged Decemln 
S minims Fowler’s solution by stomach tul Repeate 1 
3, 10, 17, 25, February 3. 14, 2 March 12 ith Ma 
Fun il Test Sixt per ent. ple 
ou 
futopsy Ni ema Heat veight 5.55 2 Kidh 
macroscopically va fe pin-point hemor vl t 
sions Microscopicall af small itches of row 
very much congested it “ome Incerea in th ( ~ 
PROTOCOL 243 Rabbit Weight 2280 Cay lan 
10 minims Fowler's solution subcutaneously Repeat li 
dead on 19tl 
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ee! 
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Ki 23 Rabbit 79. Seetion sl] s at one side f 
f the my irdiun Rest of section composed of ver ! 
Va ular perical um Magnitic ition ISDS in 
Lutopsy Nea edema Heart weight 7.3 on INiclt 
sule strips easily On section pin-point hemorrhagi ot 
seopically the glomeruli are much congested and appea 
cause vessels are full of blood Otherwise norma 
Prorocon 245 Rabbit Weight 2050 Caged Janua 
0.0125 gm. potassium bichromate Repeated Januar 2 
Died Mareh 11 
fufopsy No edema Micros picaliv the kidneys 
increase In connective tissue situated f the 1 st par 1 
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often entire ‘ ing the tubular structure lhere are also a few dilate 
tubules 

ProrecoLt 257 Rabbit Weight 2330 Caged January 7 (mn Sth given 
21 minims potassium bichromate l per cent Repeated on 27, February 10 
March 3 Four ead April 13 

lutopsy No edema Slight acute fibrinous pericarditis Heart weight 6.35 
un Kidneys, weight 10.8 gm., macroscopically capsule strips easily, surface 
very irregular with many deep depressions On section bands of connective 
tissue can be seen running down from the depression into the substance of organ 
Microscopical in the areas beneath the depressions are bands of connective tissue 
which have almost entirely replaced the tubules, though the glomeruli still remain 
There is some increase In lymphoid cells, but no dilatation of tubules 


—_ 











Fig. 24 Rabbit 266 Section shows mu thickened cellular vaseular pe 
eardium with papular surface Magnification 100) diameters 

Prorocot 204 Rabbit Weight 2100 Caged January 31 February 13 
viven O02 on ranium nitrate Repeated every three davs up to Mareh 28 
Killed April 30 

Functional Test Twenty-four per cent. of phenolsulphonephthalein exereted 
in one hour 

tutopsy.—Slight amount of free fluid in all cavities Heart weight 4.3 gn 
Kidnevs, weight 12 un macroscopically norma Capsule strips easily Some 
small areas of roundd-ce infiltration seattered through this seetion Very 
marked inerease in the connective tissue, often in long bands running from 
periphery down into medulla or scattered in smaller areas irregularly throug 
the cortex In the connective tissue there are a few moderately dilated tubules 


22 Marlborough Street 
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STUDY VI. STUDY OF TILE WEIGHTS OF KIDNEYS AND HEARTS IN NORMAI 
RABBITS AND IN THOSE WITIL EXPERIMENTAL CHRONIC NEPIIRITIS 


R. M. SMITH M.D BOSTON 


In the course o 


ils with experimental n ritis 

las been possible to co lect a considerable amoul ot mate al concerning 

the comparative weights of the heart and kidnevs in ra ts. ‘There were 
| ] 

1 Ne alse nt aboratory many data on n 1 1 t=, W served 
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Fig. 25.—Rabbit 268. Section sl sa portion of vocardium with overlyin 
ndocardium Endocardium shows proliferation of the endothelial wit 
slight edema of the endocardial laver Magnification I85 diameters 

Crrole l morts on 1 stil card AT | pert 1) ! ! tc 
erelse that n caged rabbits the proportion ol yn eloht hig 
ely ‘ eart is as 1 is to 0.0024 This figure rresponds , 

‘ I I rey il) - ‘ rs 1 ~ ike! is i 

Phis work i ne une 1 vrant 1 m the Proctor Fur for the Stud ot 

( hroni Lise ines 
Reported at the Annual Meeting « th \ssociation f Amerienn Physicians 
Mav 3-5. 1910. Washington. D. ¢ 
>. Grobe Untersuchungen i! Arbeitshvpertrophik ‘ | Dew 
Are f. klin. Med LOOT. xe 50 








Hts if LROHIVES Of INTERNAT VMEDICIN] 


tT T The ~ ‘ | i ~ } Tis 
; , etween |] ris rae the 
‘ | ~ = CP CDCR | ~ = 7 ‘ t T 
‘ + ] »* 
en ‘ ‘ a = = | ~ c.40 
~ ‘ ~ ~ t Wis 1 t } ' 
ely ~ ()itel rit ) ent I al iil = 
~ (dy } ~ ‘ 
l Nry-Fiy NORMA | . 
\ \\ \\ Wt f \\ \\ \ 
\ Kidneys \ ' Ani 
to Wt toW \\ 
i! I ‘ ! 
; LOT W242 W732 
“75 Mes? imi744 
7 (MPSS Owo746 
j ) J j sid HPV MmueTo 
si 4 os WIZ S ooy760 
‘ 7. vor WIIST OOGT4 
| } >s s 4 MmvOT MMe 
~ >> 4.44 mS MmOdTS 
’ ' } S4 8.35 im 4 inn 
” »5? t4 moran Woy 1S 
J 6.7 mils4 moot 
a) ts tM ' MIDST 
> S44 (MI24T worT43 
7 ees nes m732 
~ >” 7.2 morag mole 
lt 7. >s7 5 (O68 wmoyo4 
S| Oren OOTO4S 
S { .5 ORs WOL3T MMT] 
8.7 OOR4S OOTT7 
41 } 7 mroT OOOO 
- } 4 a ea 0 TEE Ot bed 
) j tf ow oon MIDS 
, } 4. hb ees be men 
j 10) j O75 (MIYSS Me 
> i 1.2 ii eel | bent 
Avera m4 (Wied ria 
\s sect = ol ‘ = W ~ ts \ 
\ il i not stabiis ! cdetinits SIS t < 
‘ were S = true of those anin sim WwW there Was ca 
t 2 } s @ ved 7 ente l ( ! tr 














I 











\ 


f 


Wr. « 


Anim 


Wi 


\nin 


PSS0 
‘hon 
Piao 
40 
MU 
P5500 
> 

“ 
ap P| 
so 
Lep.ot? 
1730 
oo 
S10 
mia 
' 


HRISTIA 


f Wt 
il Lhe 


\ 


iM) 


im 


iM) 





ws 

ime , 
mas J 
may 

(mide 

mye 

(HS » 
im) » 
OO4sS 

nw) 

; nif 











joo THI LROHIVES Ol] INTERNAT VEDICIN] 
n those inium nitrate in larg ses every thre \ . ut 
stolog i ( showe is a group vel marked esrons (iver one- 
( hose s ne variations, elght In numbet vr 21.5 per cent., 
Showe ~ ne ne j ( the! Ssoclartes Wit Cil a 
wort 
‘ Ee 4 FOWLER'S SOLUTION SERIES 
Ni \Wt Wt f Wt. of Wt. of Wt. of Wt. of 
Anin lleart Nidnevs Anima Animal! Heart 
to Wt. of to Wt. of to Wt. of 
Heat Whidnevs Kidneys 
is li is list is Lis te 
237 me Ss 14.5 M5 0073 2 50 
P30 st bed es 7.2 Liat mr 3.2 1 
2330) my o.S 18.7 W227 OTS 2.75 
05 $1) Th >] 14.6 (mie WWM 2 St 
r4 Psi) r 6.0 Wosr Oo74 > 31 
234 vu LS 11.0 ooLle OO4S8 2 45 
et 730 OD LL.15 OO5L (4 pd 
; a wa) ll Wwoe4 oo40 » 
os Sty >.1 15.8 ibe OO72 4 
a me 15 |Y.] ime OGL 2 (5 
ANIMALS RUNNING OVI IONTHS 
D as 4 ’ , 
_ : z= cr 2 <= = 
= = & == [ a A 
== =— — ¢ = & = 
et = ‘6 « am te Me fae = 
a Sep =E £&& = Be Si 
= = - at > : Ss = 
Ze sf @4 24 ae X 
Uran. 0.002 om, « y 3 davs 1] 6—54.5 2 2 2 0) 
Cran. O05 on > weeks 1S ; 1) 0 0 ] » 
Pot. Bichrom. 0.0125 om. every 
, week« |}? ( +O » ] l 2 
Urar I i ) | } j j 
8 s0.4 10.5 7.0 1S 10.5 
| ‘ 8-10 n 
s j 50 0 2 
Lota Th AD ) j } iT 
PARLI l eT ) MA TESTS IN ANIMALS WITH ABNORMAL WEIGHTS 
No Funetional Test Edema Test 
lried Delay Tried Present 
Animal with small kidney, normal heart ) ; ) 0 
Normal kidnes irg eart } 4 od } 4 
Small kidney, larg urt j 4 | ) » 
Large kidne i ) | ) 0 
The animals sma nevs and norma earts in W the 
| nerion Test vis ( ] “Hower at ive* ‘ ( tion mt non yt them 
ul edema t « 0 t se wit eart | erty | } ’ 
vicdition « Wee } ost wit iry dnevs showes vit ne 
exception, norn etion and no edema 
kurt ey ye ee 7 } irger 1 } | mil Is ‘ necessal 
efor P } sions car © drawn 
222 Ma St 
; 











HM. 1 CHRISTIAN—R W SWITH—I ( WALAER oul 


STUDY VII. PRODUCTION OF EDEMA IN) EXPERIMENTAL CHRONIC 


NEPIIRITIS 


KR. M. SMITH, M.D BOSTON 
with the study experimental! 
nephritis, is the question of the formation of edema and the relation, 


1 


There seems to be a rather venera 


Among the problems connected 


any, Which it bears to the renal lesion. 
belief, supported by certain experimental work, that injury to the tubules 








Fig. 26.—Rabbit 279. Section shows portion of endocardium with moderate 
infiltration. Myocardium shows cellular infiltration Magnification 


cellular 
IS5 diameters. 


of the kidney alone will not cause edema, but that there must be in 


addition some lesion of the vascular system. 


plays in the production of edema has also been studied many invest 
*This work was done under a grant from the Proctor Fund for the Study « 


Chronie Diseases 
Reported at the Annual Meeting of the Association of American Physicians 


May 3-5, 1910, Washington, D. C. 
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Fig. 28.—Rabbit 79. Section shows quite cellular endocardium with moder 


ately cellular underlying myocardium Mavnitication 185 diameters 
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The nine showing edema were thus distributed : 


Uranium Nitrate 0.002 om, every third day 
Uranium Nitrate 0.005 gm. every three weeks 


Potassium Bichromate 0.0125 om. every three week- : | 
" 
Histologically the kidneys of the animals showing edema were not 


different from those of the same group in which no edema developed 


The lesions wer f the same character and of no vreater or no less degree. 














Fig. 30.—Rabbit 266. Section shows a small bit of the myocardium with a 


very much thickened, somewhat cellular endocardium Magnification 185 diame 


ters. 


It seems then that the cause of the edema must be sought elsewhere than 
in histological variations from the normal. 

The animals were weighed at the beginning of the experiment and 
each day after that before the salt solution was given. Of those not 


showing edema at autopsy, twenty-six in number, there was a gain in 


weight in twelve, a loss of weight in nine, no change of weight in five. 


In those showing edema at autopsy, nine in all, there was a gain in 


} 


weight in four, a loss of weight in four, no change of weight in one. 
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Therefore, a weight chart is no indication of the appearance of edem: 
In rabbits experimented on in this way 

In the first animals used the daily amount of urine excreted was 
measured, but no constant or marked variation in the output could be 
found and the procedure was therefore given up as being of no value in 
this connection. 

These same animals were also subjected to the functional test wit 
phenolsulphonephthalein. Though this matter is reported in another 
paper the results are interesting from this different point of view. Of 


the exght animals having uranium 0.002 om. every third day, and showing 


























Fig. 31.—Rabbit 266. Section shows a portion of myocardium very largely 


replaced by cellular connective tissue This connective tissue was continuous 
with the connective tissue of the endocardium. 


edema, five were tested with phenolsulphonephthalein, and four showed 
delaved excretion. Of the animals having uranium nitrate 0.005) en 
everv three weeks and showing edema, two in number, the test was tried 


in one and the exeretion was normal. The test was not tried in the rabbit 


having edema with a bichromate lesion. This would perhaps indicate 
\ a functional injury to the kidney cells which would not allow the normal 
excretion of either water or some other substance. The relative weights 


of heart and kidney to the bodv-weight is also interesting in this connec 
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those radiating out from the 


ophy of the hheprat te 


P2606 Liver 








shows distinet dilatation of the 
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2. The occurrence of edema does not appear to bear any direct relation 


to the severity or character of the lesion of the k dney as shown by histo 


3. The weight of the animals during experimentation does not serve 
as a reliable guide for the appearance or non-appearance ol edema. 

t. The amount of urine excreted gives no aid in the studv of edema 
formation. 

5. Functional tests in animals showing edema would suggest the 
possibility of some damage to excretory function of cells. 

This matter requires further study. 
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Fig. 35.—Rabbit 268. Liver shows very slight change and may be taken as 
a fairly normal liver Magnification 125 diameters 
STUDY VIII. \ RENAL FUNCTION TEST (PILENOLSULPILIONEPHITTHALEIN ) 


ok 


IN ANIMALS WITIL EXPERIMENTAL CHRONIC NEPIRITIS 
R. M. SMITH, M.D... BOSTON 


There have been many tests devised to investigate the excretory fun 


2 | 
‘ 


tion of the kidnev. The basis of most of the m is the time required ti 
*This work was done under a grant from the Proctor Fund for the Study of 
Chronic Diseases 
Reported at the Annual Meeting of the Association of American Physicians 
May 3-5. 1910. Washington, D. ¢ 
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excrete a certain portion or all of a measured amount of 
The most recently tried drug is phenolsulphonephthalein. 
used by 


a given drug. 


It has been 
Rowntree and Geraght 


‘to test the excretors 
in favor of this drug that it is all exereted 
v the kidney, that the drug undergoes no chemical change in thi 
and that it is excreted quickly. It 

the amount given 


power ol kidneys 
in human beings. They say 


» body. 
is stated that 40 to 60 per cent. of 


one hou 


is excreted in normal individuals within 
after it first appears in the urine 


Experiments were tried with this drug in animals having chronic 
kidney lesions produced by injection of uranium nitrate, potassiun 





























Fig. 36.—Rabbit 


7 Liver shows irregular areas of 
appearance of liver cells and their place taken by \ 
lakes of blood Magnification 125 diameters 


almost complete dis 


erv large dilated sinusoids o1 


chromate and arsenic. The details of the production of the lesion hav 
eon described fully in another paper. The functional tests wet | 
on in the following manner: 


One milligram of phenolsulphonephthalein in) watery solution was 
njected subcutaneously. Male rabbits were used at first. so that catheter 
zation was easy. Thev were catheterized immediate! lowing the injec 
6. Rowntree and Geraghty Jour. Pharm. and Exper Pherap Poo Tale 
1 O39 
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al Live ne was allowed to flow into a bottle w ( container i 
iT ~ strong sodium hvdrate solution \s soon as an ot the drug 
i} ( n the urine t could be detected b the PINK oor W I = 
vi ! ne solutions of phenolsulphonephthalemn ass | 
Ine Was then recorded and the catheter withdrawn. At the en on 
r tin Vas again Inserted and a tiv me nt ) ‘ 
te | vider was then wash out once wit wate ! t 
vash-wa to the collected urine This was then made stror 
" 1 ~ ! drat na te to ot) ov vil Wate : 
‘ O ‘ ~ t ! i dept endent nthe a I 
| 
Fi " ; 
pearance of liver cells and their place taken bv ve lara ilated sit s f 
lakes of bloo Magnification 125 diameters 
) ‘ = ! ilein it contained. ho determine 
: standard s tion phenolsulphonephthale Vas ’ 
taining a meas nt in 50 cc, of fl ( nm ne ) | ' 
portion of the diluent of the standard s t ne was ust t \ 
: : 4 ’ 
the colors were not exactiv the same mn the cont indi the tes is 
solution to be tested contained the vellow coloring-matter fou ! 
rabbit's me \ portion of the standard solution and of the urine 1 
unknown amount of the drug were placed in the two tubes 


taining 
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of a Du voscq colorimeter and the comparison ale Havin 1 : 
mined the amount 


of phenolsulphoneplhtha 


percentage of the amount given Was @asliv Caiculates 


From observations on a good many rabbits 
phenolsulphonephthalein appeared in the urine in about twenty minut 


Irom the time It Was given subcutaneously. The re irlations 
this in either direction were small. Since was 1 esih t 
eatheterize the female rabbits the drug was given sub ! SIV, al 
anima illed nm on hou and twentl minutes aL ( 

vas then collected and the estimation made as befor This g i fa 


accurate estimate of the 








Fig. 38 Rabbit 79 Liver shows irregular area f almost mplete " 
pearance of liver cells and their place taken by rt ila sinusoi 
lakes of blood Magnification 125 diameters 

, , 

In the great majority Of cases tested. ove! +t) " nt ef Og 

was excreted in one hour, which conforms to the statement quot { 
, , 
veginning of the discussion. In a few normal rabbits tric 


was found to be about this per cent On 
was considered a delaved excretion. 


Number of animals given the test, 31 
Delaved excretion, 16 


51.6 per cent 
Verv markedly dela 


! exeretion, 4 











rl2 Tilt 1RCOHIVES OF INTERNAT UVEDICINI 





DOL Dal 
IOS ee Sy 














de 1\ 1 ex 
It mig 
lema 

Of the 

l 

° 

Ot the 
- 

> 

} 

The sn 

usions 





H. A 


Uranium 


Uranium 


Potassium bichr« 


Fowler’s 


fum tion. 





and ot 


CHRISTIAN 


cannot be 


most markes 


hers with a 


owed n arke d disturbance. 


222 Marlborough Street 


estim ited 


R Vl 


histol« r} 


parently 


SMITH 


nitrate 0.002 gm. every 3d day 
nitrate 0.005 om. ev } wks 
mate 0.0125 gm. ever we 3 
solution m. 8-10 every 3 w 
is in the other experiments. it was 
vetween the delaved excretion of 1 
the dne That the animals « 
a excretion, D n V m ext 
or even more so than those in w 
at some oO The imimalis it 
cretion with tle VISID Inge In 
I ‘ nterest ng og rn f ( m ire 
L¢ I l organ ( ts In these 
sixteen rabbits with delayed excret 
Eden test tried on 
Edema present at au psy 
Ur ins W ighed in 
Variation from normal 
Small kidney, normal hear 
Small vy, large irt 
Nort | ! irg heart 
Larg idney roe irt 
] lal ] 
Oo Wi very markedaly deiaved 
Edema test tried 
Edema present 
Organs weighed in 
Variati from normal 
Small kidney, large heart 
Normal kidney, large heart 
Large ney, normal hear 
] f ] 
ill number of animals experimente 
I OSS Dut it S ertain rom 1 
inctional pacity of the kidne f 


eal les 


iLKER 


ib 
at any 
t } 
ry 
Ma 
ive 
co 

) t 
s do ry 

¢ 
ration 


513 


W 

T 
] 
ed 
er 
at 








514 THE 1RCHIVES OF INTERNAI MEDICINE 


STUDY IX. THE EFFECT OF SPARTEIN AND ADRENALIN (EPINEPHRIN ) 
INJECTIONS ON THE KIDNEY OF THE RABBIT * 
R. M. SMITH, M.D BOSTON 
Walker and Christian have described the production of cardiac lesions 
— myocarditis, pericarditis, endocarditis —in rabbits by the injection 


} ] 


of spartein sulphate (0.01 to 0.04 gm.) and adrenalin (epinephrin) 


chlorid (0.1 to 0.2 cc. of a 1-1,000 solution). In some animals the 
spartein was given subcutaneously and the adrenalin intravenously, but 


in most, both drugs were injected intravenously. I have examined the 


kidneys from twenty-nine of these animals. 


Macroscopically the kidneys did not show any departure from the 
normal except in occasional instances when they appeared injected. This 
injection did not bear any apparent relation to the cardiac condition, but 


was evidently independent of it. Microscopically no lesions were found 


which in any way could be associated with the injection of the drugs. <A 


few of the animals showed some spontaneous lesions as I have mentioned 
n connection with st es on the dneys rabbits which received 
uranium nit ind other Ine ritants. These spontaneous lesions 
occurred in rabbits autopsied from one hour to two or three days after 
the injection of spartein—much too soon for any causal relation to exist 
betwee! the dy rand the histologi i] findir Y n the | dne. The { ron 
lesions consisted of a slight com t ncreas I two 
instances with some dilatation of the renal tubules. 

Nearly all the sections showed a marked injection of the vessels. 
especially those of the glomeruli and medulla. Sometimes onlv the vesse¢ 


} 
I 


going in from the cortex were markedly congested. In some of the kidney 


this condition was extreme, making the whole section appear very red 
under the microscope. In no case, however, w it possible to find 


evidence of the real ing throug] of the blood nto the spaces wit! if 


the vessels. Apparently simply an unusual amount of blood was present 


in the vessels at t time of deat] An attempt was made to matcl 
the more bloody sections with the more severe cardiac conditions, but 1 
constant relationship was found. In some instances, however, the kidney 
sections of animals dying in convulsions were greatly injected, but eve 
this was not an unfailing condition. 

No tests of kidney functions were made with these animals. 

So far as t study goes it supports the statement made by Fleishet 
and Loeb’ that injections of spartein and adrenalin cause no lesions 


the kidney. 

222 Marlborough Street 

*This work was done under a grant from the Proctor Fund for the Study of 
Chronic Diseases 

*Reported at the Annual Meeting of the Association of American Physicians, 
Mav 3-5, 1910, Washington, D. ¢ 

7. Fleisher and Loeb: Further Investigations in Experimental Myocarditis, 


Tue Arcnives Int. MEp., 1910, vi, 427. 
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STUDY X. EXPERIMENTAL MYOCARDITIS PRODUCED BY SPARTEIN SULPHATE 
AND ADRENALIN CHLORID * 


I. CHANDLER WALKER, M.D., BOSTON 


Many observers have produced lesions of the myocardium in various 


ways; | 
pyogenes aureus (Ribbert*), diphtheria bacilli (Babes*®), diphtheria 
toxin (Charrin,’® Welch and Flexner," Mollard and Regaud,'* and Flex- 
ner**), cultures of streptococci (Tallquist**), by ligation of coronary 
vessels (Baumgarten’*), by exposing animals to high temperature (Zwasch 
kewitsch,’® Litten,’? Naunyn,’® Nasaroff,’® Werhovsky,?®° Welch**), by 
injections of adrenalin chlorid (K. Ziegler,?* Pearce,?* Griber,** Mieso- 
wicz**), and by injections of spartein and adrenalin (Fleisher and 
Loeb**). The more acute lesions of the myocardium have been the ones 
chiefly studied by these experimenters. For the production of chroni 
lesions the method used by Fleisher and Loeb seems to be the most sat 

factory, and has been used in the experiments here reported, which wer 
carried on in the laboratory of the Theory and Practice of Physic in tl 

Medical School of Harvard University at the suggestion and under tl! 


supervision of Dr. H. A. Christian. 


Rabbits were the only animals used in these experiments, and f 
convenience they may be grouped into five series in which the spartein 


*This work was done under a grant from the Proctor Fund for the Study of 
Chronic Diseases, , 

“Reported at the Annual Meeting of the Association of American Physicians 
May 3-5. 1910, Washington, D. C. 

8. Ribbert: Fortsch. d. Med., 1886, iv, 1 

9. Babes: Virchows Arch. f. path. Anat., 1896, exix, 460 

10. Charrin: Semaine Méd., 1890, x, 285 

11. Welch and Flexner: Bull. Johns Hopkins Hosp., 1891, ii, 107; Bul ohns 
Hopkins Hosp., 1892, iii, 17. 

12. Mollard and Regaud: Ann. de I’Inst. Past., 1897, xi, 97 

13. Flexner: Johns Hopkins Hosp. Rep., 1897, vi, 259 


14. Tallquist: Beitr. z. path. Anat. u. z. allg. Path. (Ziegler’s), 1899, xxv, 159 


15. Baumgarten: Am. Jour. Physiol., 1899, ii, 243 

16. Zwaschkewitsch: Dissertation, St. Petersburg, 1870 

17. Litten: Virchows Arch. f. path. Anat., 1887, Ixx, 10 

18. Naunyn: Arch. f. exper. Path., 1884, xviii, 49 

19. Nasaroff: Virchows Arch. f. path. Anat., 1882, xe, 482 

20. Werhovsky: Beitr. z. path. Anat. u. z. allg. Patl Ziegler’s 1895, 
xviii, 72. 

21. Welch: Med. News, London, 1888, lii, 365 

22. K. Ziegler: Beitr. z. path. Anat. u. z. allg. Path. (Ziegler’s), 1905, xxxviii 
229 


23. Pearce: Jour. Exper. Med., 1906, viii, 400 
24. Grober: Deutsch. med. Wehnschr., 1907, xxxiii, 744 
25. Miesowiez: Wien klin. Wehnschr., 1909, xxii, 79 

26. Fleisher and Loeb: Tne ArcnHIvES INT. MEp., 1909, iii, 78. Jour. Am. Med 
Assn., 1909, liii, 1561; Tue Arcuives Int. Mep., 1910, vi, 427. Strickler and 
Fleisher: Jour. Pharm. and Exper. Therap., 1910, ii, 55 


by the intravenous injections of cultures of Staphylococcus 


Sk ee 


on 
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sulphate and adrenalin chlorid were used by different methods in order 
to determine the most satisfactory procedure for producing experimental 
myocarditis 

In the first series, four rabbits were injected intravenously witl 
maximum doses of spartein sulphate,** and these injections were not 
followed by injections of adrenalin chlorid. The animals were injected 


from once to thirty times at three-day interva 


In the second series twenty-four young rabbits were injected subcu- 
taneously with spartein sulphate 0.025 gn ollowed subcutaneously in 
three to five m es by adrenalin chlorid?® 0.2 « of a 1 to 1,000 solu 
tion rhes I ons were repeated ev t e days, and a pair of 
rabbits of approximately the same weight wer ed at successive t é 
da I i In addition in this series two o r rabbits received 
injections in ft same way as the above every day for a period of six 


WeeKS, and then every other day for six weeks 


In the third series were eight rabbits in which spartein sulphate was 
injected subcutaneously in doses of 0.025 g followed intr nouslv in 
five to fifteen minutes by adrenalin chlorid 0.2 ¢.c. of a 1 to 1,000 solution 

In the fourth series six rabbits were injected with spartein sulphate 
and adrenalin « rid, both intravenously, in small doses, repeated at 
three-day intervals, and extending over a long period, one to three months 

The fifth series comprised eleven rabbits injected intravenously with 


maximum doses of spartein sulphate followed intravenously in five to 
fifteen minutes by adrenalin chlorid 0.2 e.c. of 1 to 1,000 solution. 


The rabbits in all series either died or were killed at varving tim¢ 
intervals after the first injection, and so received a varying number of 


injec tions of varying size given in varying combinations. 


No animals died from the effect of spartein sulphate when injected 


subcutaneously, but there were several deaths due to the drug when given 
intravenously. The animals died with either respiratorv paralysis. gasp 
ing for breath, or with convulsions, or with both. Death may be avoided 


by slowly injecting the drug with frequent pauses, thereby allowing a 


mixture of the drug with the blood in the circulation and much greater 


doses may be safely used in this way. Some rabbits seem to be more 


susceptible to spartein than others, since several] rabbits of the same 
weight and ace may survive tl e same inje ction. W hile one or two others 
will not. Only two deaths out of about thirty rabbits used could b 


considered due to adrenalin chlorid used intravenously, and these had 
received spartein just previously. The deaths were convulsive with respi 


} 


ratory paralysis. The best lesions were produced DY maximum doses of 


spartein given intravenously (making the animal as weak and stupid as 


27. Merck’s preparation of spartein sulphate was used throughout 
28. Parke, Davis & Co.’s preparation of adrenalin chlorid was used through- 
out. 
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possible and still survive) followed intravenously in a few minutes by 
adrenalin. Adrenalin given subcutaneously had no effect. 

All animals injected intravenously with one or two large doses of 
spartein followed intravenously by adrenalin at autopsy showed much 
blood-stained fluid in the pericardial, thoracic and abdominal cavities 


A smaller amount of less bloody fluid was found in these cavities when 


the spartein was used subcutaneously followed by adrenalin intravenously 
After two injections the fluid seemed to be absorbed and no further ex 


tion aj} peared to take place, as none was present in rabl Its dving fter 


three or more injections. 





The methods used in this experimental work having been briefly 
described, the various series will now be taken up and the lesions 
des ribed. 

SERIES 1.—Four rabbits injected with spartein sulphate 0.025 gm. intraven 
ously without adrenalin One rabbit was killed a few minutes after injection, 
and showed slight congestion Another was killed four hours after injection and 
showed marked congestion, and a distinct focus of deeper congestion on surface of 
left ventricle \ third rabbit was injected every three days for twenty-five inje 
tions and another rabbit for thirty injections. Both of these showed simply a con 
gestion of the myocardiun In these two rabbits the spartein was gra lually 
increased until they received 0.05 gm. several times rhus it is seen that spartein 

ne, given in twice the amount which with adrenalin will cause a lesion, produces 
no lesions 

SERIES 2 wenty-four rabbits were selected, weighing betwee 1100 and 
1400 om., paire according to weights and were injected subcutaneously at three 
day intervals with spartein sulphate 0.025 gm., followed subcutaneously in three 
to five minutes with adrenalin chlorid 0.2 e.c. of a 1 to 1,000 solution lwo 
rabbits were killed three days following the first injection, two more three days 


after a second iniection. and this was repeated until the last two rabbits of this 


series were killed. Of these twenty-four rabbits, two were disearded after three 
injectior because one of the rabbits contracted an infection No macros pie 
lesions could be observed in anv of the rabbits of this series 


Microscopically in three rabbits (No. 167, eight injections, No. 169, nine injec 


tions, N« 171, t nie ns the wi n erate capillary congestion disti tly 
in excess of that s 1 by ot! inimals of the series In four rabbits (No. 152 
one iniectior N« 156. thre iniections. No. 165 and Ne 166. seven iniections 
there was an increased interstitial cellularity These cells were of the connective 


tissue tvpe. not uniformly seattered through the myocardium, but occurring ir 





foci This el ve was more extensive in the animals receiving the larg uT 
ber of injections, being very slight in Rabbit 152 A somewhat similar picture 
Fig. 3) was pre an animal (Rabbit 79) of a different series from the 
ones desc bed in t} In two rabbits No. 159, four in { ji 2 163 
SIX In} OT T re we! small foci of young onnectiv tissus | hhit 59 
a} mol f this than Rabbit 163 In none of these rabbi vas t s10n 
extensive, and even where most marked it constituted only a slight departure 
Two more rabbits were injected subcutaneously with the same do é Ss in 
the pre lit series every dav r SIN veeks al then ¢ other day tor six 
additional weeks. One showed no lesion The other ha 1 large area of old 
fibrous tissue practically replacing the muscle, with only little shreds of muscle 
left These muscle fibers were devoid of nuclei and often took the eosin stain 


deeply, the cross-striations being lost. This fibrous tissue was very near the 
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septum at the base of the left ventricle, and it is a question whether it was due 





to the drugs or whether it was a spontaneous lesion In its distribution and 
1 not resemble a spartein and adrenalin lesion. These protocols 
iv 
i t injecting both spartein and adrenalin at the same site on 
eaused a necrosis and sloughing of the tissues, whereas separated 
the same day produced no necrosis 
Eight rabbits were injected subcutaneously with spartein sulphate 
llowed in about ten minutes intravenously by adrenalin chlorid 0.2 
tior On four protocols will be given, the others | ing dupli 
cates 
Rabbit 274 was injected subcutaneously with spartein 0.025 gm. followed 
intravenously in ten minutes by adrenalin solution” 0.2 ¢.c This animal died 
twenty minutes later with respiratory paralysis and convulsions. Microscopically 
only congestion was present Rabbit 268, similarly injected at three-day inter 





vals, showed a capillary congestion (Fig. 7) as in Rabbit No. 274. 
Rabbit 279, weight 1450 gm., was injected subcutaneously with spartein 0.025 


gm., followed intravenously in ten minutes by adrenalin solution 0.2 c.c Five 


ing this inject 





days later the same was repeated and the rabbit died about ten minutes follow 
At autopsy there was an increased 


amount of a straw-colored 





fluid in all body cavities. Microscopically there was a patchy cellular infiltration 
throughout the myocardiun In some of these foci many lymphoid celis w 
present rhis was particularly the case in the subpericardial layers. There was 
also an increased amount of connective tissue about the blood-vessels Where 
the round cells showed only a slight increase, the muscle fibers were hvy rophied, 
showed very marked branching, and an increased number of nuclei, as many as 
five or six ina |] Where there was ec bly increased cellularity (rig. 4 
the muscle was much degenerated, with loss of striations d in places w 
young cells appeared as stellate figures with beginning fibrils, the muscle was 
atrophied and rep! d by new tissue 

Rabbit 277, weight 1480 om., was injected subcutaneously with spartein 0.025 


gm. followed intravenously in ten minutes by adrenalin solution 0.2 c.c., this 


being repeated every three days for a period of twelve days; thus four injections 


were vel The rabbit died a few minutes after the last injection At autopsy 
considerable free bloody fluid was present in all the cavities, and in addition 
considerable fibrin in the pericardial cavity, with a slight reughening of th ur 
face of the left ventricle The heart was large Microscoy ically the same 
general picture was n as in Rabbit 279, but the pr s is me it more 
advanced at more extensive The connective tissue was older, with mors 
fibrils and less cells present, the arterial walls were more thickened, the muscle 
more extensiv I 1. 

Rabbit 284, wv ht 2200 gm., was injected with spartein sulphate 0.025 gm. 


followed intravenously in ten minutes by adrenalin solution 0.2 c.c. at four-day 


intervals over a period of two months, sixteen injections in all At autopsy 
no fluid wa present the heart was large and firr Mier scopi lly a slicht 
increased cellularit Tusely situated was seen, tl terial walls were thicke i 
and the mus was hypertrophied 

Series 4.—Hers rabbits were used, but as they all showed a s lar ’ 
dition only one protocol! will be given l e animals were injected intravenou 
with small doses of in and adrenalir 


t 1920 gm., was injected with spartein sulphate 0.007 gm. 
followed in about ten minutes by adrenalin solution 0.1 ¢.c., both intravenously. 
This was repeated at three-day intervals for seven times, then the spartein was 


increased to 0.008 om. and the injections repeated at three-day intervals for seven 


more times, in all fourteen injections extending over two months’ time. At 


1 means a 1 to 1,000 solution of adrenalin 
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1 the pericardial cavity. The heart was very ind left - 
s fluid in the abdominal and thoracic cavities, and a muddy : 
le very firm and thickened, with a white fibrous patch at the 
ventricle Microscopically there was a diffuse increased cellu 
rdium with an hypertrophy of muscle fibers, with increased 
i, nuclei swollen and nucleoli prominent rhe connective tissue 
- vesseis Was thickened | 1 t n tl e Wa larg fj ous 
patch at the base of the left ventricle entirely replacing the muscle The other 
five animals did not show such a brous area as ibed in Rabbit 282, but 
wer duplic tes in every other Vay | str ] I ( inge in this series was 
slight diffuse increased interstitial cellularity, interstitial edema, and moderate 
connective tissue increase and hypertrophy of musc]l ig. 2 
+ ; , ’ 
SERIES 5 In this series eleven rabbits were njected intravenously with 
spartein sulphate and adrenalin chlorid in the following way Spartein st phate 
\ 8 Inject ] 1! rave! usly In MAXI \ i 1 
rabbit appears ible to stand. Sh« t would seem 
very tired with rapid respiration an ranir 
of ten to twenty minutes adrenalin T lv with a 
dose of 0.2 e.c. The adrenalin ay effect except 
possibly to accentuate somewhat tl 
One of these rabbits was killed li lorid 
injection, and nothing abnormal w: 
Another (Rabbit 290) was kille 1 at autopsy 
an area of marked congestion about of bloody 
red color was situated in the cente ri Micro ' 
scopically in the animal there was congestion of the subpericardial my ardium 
as follows: Rabbit 290, weight 1480 gm., injected intravenously with spartein 
sulphate 0.04 gm., followed in ten minutes intravenously by adrenalin solution ‘ 
’ 0.2 ¢.c. The rabbit became very tired and listless, respiration rapid, heart rapid 
and fluttering, three hours later heart seemed steadier, but animal was very 
stupid. Four hours after injection the rabbit w killed. Macroscopically there 





was a bloody red area of congestion on the wa 


center about 0.5 em. in diameter. Microscopically there was congestion and 

' edema of the subpericardial myocardium of the left ventricle 
The third rabbit, No. 296, weight 1750 gm., was injected intravenously with 
spartein sulphate 0.035 gm. followed in ten minutes by adrenalin solution 0.2 c.c 


The rabbit seemed very tired after this. It was killed twenty-four hours after 


P 
injection. At autopsy the thoracic cavity contained much very bloody fluid and 
the pericardial cavity was filled with bloody fluid The heart showed areas of 


congestion of a bright red color on the surface of the right auricle, to a sliga 


extent on the left auricle, and on the surface of the left ventricle an area of 


} } 


lish-red color with slight peripheral congestion. Microscopically in 





lium of the right and left ventricles there was a very general indis 

muscle iffuse increased interstitial cellularity, and 

eral cay yn In places muscle fibers were markedly 

l, apy ining fibers with very indistinct striation 

Some muscle fibers illy all striation Besides the ffuse cellu 





larity there were very cellular foci in association with markedly degenerated 





muscle fibers. In places cells have invaded muscle fibers, and hyaline fragments 
of mu ] hers mav be seen scattered among e cells Ihe S selves 
were not definite phage t however, fi muscle f: ments i he ( s were 
of the voung connective tissue and en othelial types Their r l vesicular 
4 with fairly fine chromatin granules, and one to three coarss romatin masses 
In some there was a round reddish staining nucleolar 1 I toplasm of 
these cells was very finely granular and usually distinctly basophil rhere 
, was no evident cell membrane. Polynuclear leukocytes play but a small part in 


the process; a few were found scattered between the muscle fibers, more numerous 


about the cell foci described above 





2. 
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rabbit, No. 293, received intravenously 0.04 gm. spartein sulphate 


later intravenously 0.2 ¢.c. adrenalin solution rhis animal 


tired and quiet after the injection similarly to No. 296, and was 
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present 


f thirty-two hours. At autopsy there was a slight amount of 


iid in the abdominal cavity, very much and rather bloody fluid 


e the pericardial cavity was filled with a very bloody fluid, 


il sac seemed to be slightly glu in places to the left ventricle 


rrhage were present on the right auricle, much more marked 
n the left ventricle. Microscopically a very similar picture was 
tabbit 296 There was evidence of a diffuse degeneration of 
the former The interstitial cells were more definitely of the 
pe with processes and more connective tissue fibrils have been 


ipex of the left ventricle there was a cellular focus of con 





much degenerated muscle fiber Mitotic figures were fre 

" In the right ventricle near tl! auriculoventricular groove 

r focus of cells of young connective tissue type with many 

vtes and few plasma cells 

No. 280 veight 1580 nu was injected with spartein sul 
in about five minutes by adrenali lution 0.2 ¢e.c., bot] 

I s] After five « s the rabbit was kille \t utops 
t is ind in the abdominal ca Vv. Wi ittle 
estines, still 1 e | ly fluid in the t ic 
ial ¢ t s fille it very bl ly tid A small 
esent the surface of the left ventricl Microscopically 
mvyocar ! s very extensive nfiltrate wit connective 
‘ t ¢ 1 Wi e ther is a la r amount of 
muscle fil ere mu roy nd evidently numerous 
ipl re I on t 2 point the \ ng conne é 1 sue 
I m inter ! t muscle | les he 
rgve } , ’ S t I two 

t é na fibe \r 1 of t ] normal 1 cle 
ter af thu \ ’ of the left ver j ] ug ‘ ~ i 
ilarit As the endoca hur is approache the con 

ed in certain foci and degeneration of t musel 3 more 

» of shite a \ 2T0 27) was it ted intra 

tein sul 0.025 gn fe fifteen minutes intraven 

lu iv ( This s 7 ted t ee 1 lat ind the 
lays after the nd injec n, that i ven days af the 
tor ; bdominal ’ nt t i 60 ot tre blo« 

; ec eaY IS ce 7 the mm cardial eavity is filled 
} rt muscl va 1] Vl oscor ‘ . 13 
llularit ht at 1 I is 

‘ Qo , ht 1750 on ( ve v with 
1 int in fifte mit s 1 , nalin solu 
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ft, pale and flabl Mier pically t ‘ is a very 
! cellular connective tisst 1 mal pl s very largely 
In othe ] tre l rel ted fibers were 
connectiv tissue Mit es onnective tissue ¢ Is were 
eased llularit was situate in both ills of the left 
ef ral portion, the base and the apex of the heart 
from pathological change The whole mus n the degene 
lled with young connective tissue Slight congestion was also 
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The remaining rabbits of this series were duplicates of the above. 
and will not be lescribed. Rab its recelving such ire amounts <¢ 
spartein wi d not survive a third njection 


A total « tv-seven rabbits were use n these exne ments wit t 
T( wing results \ ser eS j our rabbits rece a nty enone snart ? 
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Ssuiphate alone in large doses and showed only congestion ¢ the mvoca 
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slight departure from the normal ly tion two ot ts of 3 
series wel nie ( Vi 1 same Tl < ! t ! 
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gS there was a diffuse increased cellularity of the myocardium 
\ n { of tl muscle and I kened walls o the blood 
ve s. Ina yne rabbit showed a large fibrous patch at the base 
r 4 loft want ntirals = } ] In tl le ri 
f e ¢ ely replacing the muscle n the ast Sé es 
F en Tr ; . ny ted intravenous!\ with n kimul ‘ ae f spar 
4 
’ 
{ | e } ntravenous! in ten to twenty mur es by 
adret n, 0.2 ¢.c., and the rabbits were killed at varying inter- 
vals. Ata fo nterval there was both macroscot nd microscopic 
congestion « t ventricle; at twenty-four and thirty-two-hour \ 
rf ’ ? ] 4} ] > ] 7 < f y ? y 
inte ( n the bo es. areas 
ver t thy rt and n picaliv a fuse increased ct 
lularit col tion and muscle degen tio! \t a 
inte is seer y 7 I id d ind , e exter 
sive } degeneration. Gr there was a1 ed 
l tic reat sed cel rity and ma musel 
ait eTie T 
r y ’ ? 
some ? ‘ f n Ss i lows Vi She tiv iter } d e ¢ 
spartein s hat given, especially when this is followed by an intra- 
ven a . f Irey liz ( rid, a cay ( restion a irs © 
, 
(] . 2 \ t adrugs have ee! ven § times re ously or 
not The . . nrohal transitor for a later sta ‘a renre 
. 1 
ented | terst edema (Fig. 2), with w may be associated some 
connect T T feration (} os 9 and +). Ano r ¢ Tect ot these | 
drugs ‘ _— | ir foci made un of jh hoid. plasma and 
nj ly (Fic. 4) At other times the connect tissue pro- 
. r more diffuse. replacing 1 ia alin end sctendine 
among at ng degenerated muscle cells (Figs. 5 and 6). Th 
eya | T \ ries W t] t} oT T £107 In some 
6) ( t conn et t slight trated witl 
( (F 4 
From 1 I ts it ay rs that subcutaneous doses of spartein 
‘ r r as well s ema a . f snarteir 
followed | nalin, both intravenously, produce a moderate cellularit' 
. 
ti ert : ile maximum doses 0 irtein, fol- 
‘ | I both giver travenously, produce very mar L e¢ 
= 4 10 4 ’ f 1 wit tar 
1 | 0 yrous tissue formation associated wi exten- 
sive ce nera n ¢ the muscle ] s latter method seems the most ‘ 
satis ’ t T J no ¢ ror mvocard tis By comparing 
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four rabbits were selected, weighing between 1100 and 
ng to weights and re injected subcutaneously at three 
irtein suly te 0.025 gm., followed subcutaneously in three 
idrenalin chl 1 0.2 «ec. of a 1 to 1000 solution lwo 
s following the first injection, two more three days 
I tion, ar this is repeate intil the last two rabbits 
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‘ ! of the rabbits contracted an infection No macro 
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t subcutaneously vit partein suiphate U.Ulo gm 
ter , it } ’ n rid O. ¢ ] LO00 
ed twenty minutes later with respiratory 1 s and 
ca the pericardiu is ngested and edematous 
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0.2 c.c., 1 to 1000 solution, this being repeated every three davs for a period of 
tweive days, thus four injections were given 1} rabbit ed a few minutes 
aiter the last injection, only surviving three injections \t autopsy considerable 
free bloody fluid was present in all the cavities and in ad ion considerable fibrin 
in the pericardial cavity, with slight roughening of t urface of the left ventricle 
The heart was large. Microscopically the same g l | ire Was seen as in 
No. 268, but the process was more extensive, the v et ness of the pericar 
dium being involved, and the pericardium as a ! e cellula 

Iwo other rabbits were injected over a k | f tin Rabbit 278 
weight 1480 om., received thirteen injections at thre tervals, and No. 285 
weight 2200 gn was given thirty injections " rit ft en s 
both of these rettin the ul : é i conditions as 
previously deseribed animals Microscopically ‘ is a t in ed 
cellularity of t connective tissue type Lh : in foci seat l 
along the juncture of the pericardium and mye 

SERIES 4 Here six rabbits were used and ere it t ntrave is th 
small doses of spartein and adrena 

Rabbit 267, weight 1520 gm vas injects nously wi sparteir 
phate 0.025 gm., followed intravenously in ten t twent ! ites | , in 
chlorid 0.2 ¢.c., 1 to 1000 solution | was re] é ven times at thi i 
intervals for a period of about a month, when tl ' ed imn il 
lowing the ninth injection Microscopically in es é , 1 
left ventricle t were foci of lym] id cells ar youl col i tissue « — 
with congestion In other places thers ere ¢ I T lve i ‘ 
and in still other places only red blood-cells we note 

Rabbit weight 2750 om., was injecte int 10us! vit \ ving < ‘ 
of spartein sulpha from 0.025 om. to 0.05 en ve ivenou in 1 1 
twenty minutes by adrenalin chlorid 0.2 ¢.c., 1 to 1000 iti he inject 
extended over a period of three months at three-day intervals, so that t rabbit 
received in all twenty-five injections At autopsy t t large rl witl 
whitish areas of thickening on the wall of t i \ | ‘ Mix opicall 
a very similar picture to No. 267 was s 

Rabbit 275, weight 2450 gm., was injected in t ume inner and ft me 
number of times as No. 267 \t autopsy there s1 i 1 in t bdominal 
cavity. Microscopically a similar re to that 1 N 267 is ‘ \ the 
exception that the mght ventricle 1 the ke 

Rabbit 265, weight 1200 om., was injected intravenous wit spartein sul 
phate in varying doses from 0.0125 gm. to 0.025 g1 f ve intravenous n 
ten to twenty minutes by adrenalin chlorid 0.2 to 1000 s i ill 
eighteen injections duri two months’ time thre iy intervals M 
scopically at the base of the left ventricle t enst peri ial layer was 
separated from the underlying muscle by a tissue 1 cellular with 
voung connective tissue cells, plasma cells at re | 

Rabbit 282, weight 1920 gm., was injected i ! it spartein sul 
phate 0.007 gm., followed intravenously in t ! s by renalin lorid 0.1 
c.c., 1 to 1000 solution repeated at thre | intervals f ven tin t the 
spartein was increased to 0.008 gm nd t i ite t 4 , - 
intervals for seven more times, in all fourteen injections extending over t 
months’ time At autopsy there was fluid in the ; ominal and thoraci vities 
and a muddy bloody fluid filled the pericardial cavity The heart was ver, 
large, the left auricle and ventricle were very firm and thickened, with a white 
fibrous patch at the base of the left ventricle Microscopically throughout the 


] 
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pericardium of both the left auricle and left ventricle there was considerable 


increased cellularity of the lymphocyte and young 


connective tissue types with 


edema and congestion. This was most marked at the myocardial margin 
Serres 5.—In this series eleven rabbits were injected intravenously with spar 

tein sulphate and adrenalin chlorid in the following way Spartein sulphate 

was injected intravenously in maximum doses, that is s large a dose as the 
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rabbit appeared able to stand. Shortly after such a dose the rabbit would seem 
very tired with rapid respiration and a rapid unsteady heart. After an interval 
of ten to twenty minutes adrenalin chlorid was injected intravenously with .a 
dose of 0.2 c.c. of a 1 to 1000 solution. The adrenalin appeared to produce no 
marked effect except possibly to accentuate somewhat the already existing 
symptoms. 

One of these rabbits, No. 276, was killed three minutes after the adrenalin 
injection, and nothing abnormal was seen. 

Rabbit 290, weight 1480 gm., was injected intravenously with spartein sul- 
phate 0.04 gm., followed intravenously in ten minutes by adrenalin chlorid 0.2 
c.c. of a 1 to 1000 solution. This rabbit became very tired and listless, respiration 
rapid, heart rapid and fluttering, three hours later the heart seemed steadier, but 
the animal was very stupid. Four hours after injection the rabbit was killed. 
At autopsy the large blood-vessels were tied and the heart and pericardium were 
removed in toto without being opened in order to avoid hemorrhage within the 
pericardial cavity from trauma or mechanical causes; the heart and pericardium 
were hardened in toto. Macroscopically there was a bloody red area of con- 
gestion on the wall of the left ventricle near the center about 0.5 cm. in diameter. 
Microscopically there were areas of hemorrhage and edema in the pericardium 
of the left ventricle, also the pericardium was torn and raised away from the 
myocardium in numerous places where the congestion of the subpericardial myo- 
cardium was greatest. 

The third rabbit, No. 296, weight 1750 gm., was injected intravenously 
with spartein sulphate 0.035 gm., followed intravenously in ten minutes by 
idrena in chlorid 0.2 ¢.c. of a 1-to-1000 solution The rabbit seemed very tired 
after this. It was killed twenty-four hours after injection. At autopsy the 
thoracic cavity contained much very bloody fluid and the pericardial cavity was 


heart showed areas of congestion of a bright red 





filled with bloody fluid | 
color on the surface of the right auricle, to a slight extent on the left auricle, 
and on the surface of the left ventricle an area of dark brownish red color with 
slight peripheral congestion. The heart and the pericardium were removed 
intact after the large blood-vessels were tied, and thus were hardened. Micro 
scopically the pericardium was somewhat thickened with slight increased cellu 
larity, edema and congestion The types of cells were lymphoid cells, an occa 
sional lenkoeyte, young connective tissue and endothelial cells having faintly 
staining, hazy and indistinct nuclei placed centrally in a scanty, faintly staining 


asm. The pericardium of both auricles and both ventricles was similarly 





protor 
affe ted. although more cellular in some areas than others. The outer pericardium 
or sac showed a similar picture. 

A fourth rabbit, No. 293, received intravenously 0.04 gm. of spartein sul 
phate and ten minutes later intravenously 0.2 ¢.c. adrenalin chlorid, 1 to 1000 
solution. This animal seemed very tired and quiet after the injection similarly 
to No. 296, and was killed at the end of thirty-two hours. At autopsy there 
was a slight amount of a straw-colored fluid in the abdominal cavity, very much 


and rather bloody fluid in the thoracie cavity, while the pericardial cavity was 


filled with a very bloody fluid, and the parietal pericardium seemed to be glued 
in places to the left ventricle. Areas of fresh hemorrhage were present on the 
right auricle, much more marked and wide-spread on the left ventricle. The heart 
and pericardium were removed and hardened intact as previously. Microscop- 
ically a very similar picture was found to that seen in No. 296, only slightly more 
advanced, more extensive and more cellular. In addition there were many more 
leukocytes and much fibrin. These sections were stained for bacteria but none 


could be made out. The pericardium of the left ventricle was most affected. The 
parietal pericardium showed a similar picture. 

The fifth rabbit, No. 280, weight 1580 gm., was injected with spartein sul- 
phate 0.03 gm., followed in about ten minutes by adrenalin chlorid 0.2 ¢.c., 1 to 
1000 solution, both drugs given intravenously. After five days the rabbit was 
killed. At autopsy much free blood-stained fluid was found in the abdominal 
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cavity, with little flakes of fibrin floating on the intestines, still more bloody 
fluid in the thoracic cavity, and the pericardial cavity was filled with very bloody 
fluid. A small roughened area was present on the surface of the left ventricle. 
Microscopically the pericardium was slightly thickened. The normal fibrous 
tissue of the pericardium showed slight congestion, edema and a few young con 
nective tissue cells. The area where the pericardium joins the myocardium was 
thickened with a greatly increased number of connective tissue cells, scattered 
lymphoid cells, increased vascularity with congestion, edema, and an occasional 
leukocyte. The left ventricle was affected. 

The sixth rabbit of this series, No. 270, weight 2370 gm., was injected intra 





venously with spartein sulphate 0.025 gm., followed intravenously in fifteen 


minutes with adrenalin 0.2 ¢c.c. The same was repeated three days later and 
the rabbit died four days after the second injection, that is seven days after 
the first injection. At autopsy the abdominal cavity contained 60 e.c. of free 
blood stained fluid, the thoracie cavity 18 c.c., and the pericardial cavity was 
filled with very bloody fluid. The heart muscle was pale. The heart and pericar 
dium were removed in toto. Microscopically (Fig. 22) a similar picture was 


seen to that in No. 280, and in addition an acute process, so that the pericardium 
was considerably thickened. 

The seventh rabbit, No. 292, weight 1750 gm., was injected intravenously 
with 0.03 gm. spartein sulphate followed intravenously in fifteen minutes by 
adrenalin chlorid 0.2 c.c., 1-to-1000 solution; this was repeated two days later 
and the animal was killed twenty-four hours after the second injection, that is, 
the apex on the left ventricle of a brownish color, where the mus¢ 
pale and flabby Microscopically a very similar picture to No. 296 and No. 270 


three days after the first injection. Macroscopically there was an area near 
; J | ) 


e was sott, 


was found, only with more thickening and more cells, more extensively dis 
tributed. 
rhe description of a rabbit of another series of experiments is inserted 


here as it furnishes an intermediate stage in the pericardial lesion undoubtedly 


produced in the same way as in the preceding animal, though not the same pr 
cedure was followed. ‘This is Rabbit 79, treated as follows Spartein sulphate 
0.021 gm, was given subcutaneously followed by adrenalin chlorid, 1 to 1,000 solu 
tion, 0.2 ¢.c., subeutaneously. These injections were repeated four times in the 
next four months in the same way, except that the last dose of adrenalin chlorid 
was given intravenously. At autopsy two weeks after the last injection, the 
pericardium appeared more opaque and thicker than normal. Microscopically 


in place of the rather thin, cell-poor pericardium there was a thick layer of 
vascular cellular connective tissue (Fig. 23) in every way similar to young 
granulation tissue 

Rabbit 266, weight 1240 gm., was injected intravenously with spartein sul 
phate 0.025 gm., followed intravenously in ten to twenty minutes by adrenalin 
chlorid 0.2 ¢c.c. This was repeated at three-day intervals for five times. After 
1 ] 


injection the rabbit became so tired with rapid respiration that three days later 


the dose of spartein was reduced to 0.018 gm. followed in ten to twenty minutes 


by adrenalin 0.2 ¢.c., both intravenously. Again the rabbit was much exhausted 
and three days later the dose of spartein was reduced to 0.0125 gm., followed in 
ten to twenty minutes by adrenalin 0.2 ¢c.c., both intravenously. The rabbit was 
much exhausted, tired and listless, with rapid respiration, but forceful and 
steady heart. The rabbit died three quarters of an hour later. At autopsy 
there was a slightly increased amount of muddy fluid in the pericardial cavity. 


Dense fibrous adhesions extended from the parietal pericardium to the auricle 


and ventricle of the left heart. Microscopically there was a much thickened 
cellular vascular pericardium with papilla formation on the surface of the left 
ventricle (Fig. 24), a typical granulation tissue. 

The remaining rabbits of this series were duplicates of the above anc 


will not be described. 
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Su mrmary 


Although the number of rabbits used in some of these experiments is 
rather s? ennite conclusions are evident 

Spartein s te in large doses, inject intravenously alone, will 
produce no lesior the pericardium. exce Col stior | ibbits 
vel sed 

S t njected subcutaneous ollowed lrenalin 

0 i s eous produces no lesion the pe! a | In s 
series twel I ybits were used 

> ell jected § cutane ~ oO wed I tes 
nt no eT n cl ) 0.2 Ce ¢ 1 1-to-1.000 s oes 


nterval there is nereased cellu tv, the 8 ng « oung 
connect tiss I mphoid types. 17 same drugs ited mor 
rec ent ? ¢ dosa ind I sa I I r ] od ( L more 
1ivant l na I é eNISILVE lesion \ r eased 1a, rity At 
1utops t nimals surviving i fe davs, fluid is nd in the 
body « | rabbits tl esion 1s int pericard rt the it 
ventri | Hits were sed in this series 

In the seri six rabbits injected int nously with small doses of 
spartein s { wed in ten to twent minutes intravenous b 
idrenalin ehle 0.2 ¢.c, of a 1-to-1,000 solution, an increased rit 
is produced esion is usually confined to the pericardium of the 
eft ventricle ( the exception of one rabbit, in w both the right 
ind left vent Ss were iffected, and one rabbit In which or the peri- 
eardium of the 1 ht ventricle was affe ted). 

The series of eleven rabbits injected intravenously with spartein 
sulnpl te ny? ? m doses followed ntravenous DY 1dre1 lin « rid 
0.2 « show a rressive lesion of the pe dium depending upon t 


a four-hour interval a macroscopic area of congestion over the surface of 


pericardium of the left ventricle were seen At twenty-four and thirty- 
two hour intervals macroscopically were noted bloody fluid in the peri 
cardial cay , and areas of old congestion, and microscopically increased 
arity of the young connective tissue and lymphoid types with a few 
leukoeytes: at a five-day interval bloody fluid and roughening of the left 
ventricle, microscopically increased cellularity and vascularity with edema 
and congestion. Those rabbits surviving two injections and extending 
over periods of three and seven days showed macroscopically a similar 


lesion of the pericardium of the left ventricle with bloody fluid, and 
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sections from hearts of rabbits that had been thus treated by Drs. Walker 
and Dana for the purpose of studying other cardiac changes. 
The endocardial lesions to be described are more common in the left 


ventricle than in the right. Similar lesions, usually less developed, were 
noted sometimes in the auricles, but in only a few hearts were the auricles 
examined so that no statement as to the relative frequency of the lesion 
in auricles and ventricles can be given. Furthermore no exact statement 
as to relative frequency in the two ventricles is attempted for not all 
Cross-sections were made through 
about half of the circumference of each ventricle and a portion of the 


parts of either cavity were examined. 


interventricular septum a short distance below the auriculoventricular 
irts and in some hearts sections in addition were made at 


right angles to the plane of the former. As far as can be judged from 


fully developed in the 


. ; 1] } 
yroove 1M ali fe 


these the lesion is more commonly present or more 
left than in the right ventricle, thus corresponding to the distribution of 
myocardial lesions as described by Fleisher and Loeb,** and by Walker.** 
The lesion appears not to occur with anv frequency if at all in the valves, 
at least the aortic and mitral valves were studied histologica and found 


een rabbits that showed changes in the en 


cardium lining the cardiac cavities, and in five other rabbits with mvocar- 
dial lesions 

The lesion found in these animals is entitled to be called endocarditis 
in that it is a progressive proliferative lesion, in sequence to injury to the 
endocardium associated with myocardial injury. It follows the use of 


certain drugs or chemicals given in combination. Whether they are 


caused mechanically as believed by Fleisher and Loeb for the myocardial 


lesions, whether they are a result of direct toxic action of the drugs, or 
whether they represent merely the extension to the endocardial surface 


he myocardial! lesion was not evident from the histological method of 


study here us d. 

The earliest change in the endocardium consists in a slight focal 
proliferation « endothelium lining the cardiac cavity with an accom- 
panying ede the subendothelial connective tissue Instead of the 
usual flatten { of endothe ( you see mort distinctly cubo lal 
cells with round il nuclei rather clos crowded togethe The cells 
have increased in nun | their nuclei are richer in chromatin 


bit 268, which received on December 


This is well shown in Figure 25 from Ral 
17 spartein sulphate 0.025 gm. subcutaneously, followed by adrenalin chlorid, 
0.2 « of a 1-to-1000 solut ntravenous nd in which these d s were 
repeated on December 20 and December 24, the animal dying on the same day 
as the last injections In Figure 25 the extreme left-hand portion of the endocar 
il endothelium, while passing from this end the cells show 


dium shows norn 


38. Fleisher and Loeb: Tue Arcnives Int. Mep., 1909, iii, 78, and 1910, 
o7 


vi, Sai. 





oe 














H,. A. CHRISTIAN—R. M. SMITH—I. C. WALKER 531 


increasingly well the changes described above. Where the endothelium shows 
most departure from the normal flat type the subendothelial connective tissue 
shows slight edema and very moderate cell infiltration (Figure 25). 

Rabbit 272 received many more intravenous injections of smaller amounts 
of spartein sulphate and adrenalin chlorid, twenty-five in all, between December 
17 and February 19, and showed a very similar lesion of the endocardium. Rab- 
bit 296 was given spartein sulphate 0.035 gm. intravenously, followed by adre- 
nalin chlorid 0.2 ¢.c. of a 1-to-1000 solution, and was killed the next day Chis 
animal showed a slight focal proliferation of the endothelium. Rabbit 270 had 
two intravenous injections of spartein sulphate 0.025 gm, and adrenalin chlorid 
0.2 c.c. of a 1-to-1000 solution three days apart and died four days after the last 
injection. It showed the endothelial proliferation already described and in addi 
tion in places there was considerable thickening of the endocardial laye r so that 
instead of the normal endocardium there was a layer of young connective tissue 
quite cellular in character. 

The endocardial thickening just described in Rabbit 270 represents a some 
what later stage of the endocarditic process in which the subendothelial con- 
nective tissue layer is thickened and cellular. The cellularity is made up of 
young connective tissue cells and infiltrating lymphocytes and plasma cells 
Rabbit 279 with two doses five days apart of spartein 0.025 subcutaneously and 
adrenalin chlorid 1 to 1000 solution 0.2 ¢.c. intravenously showed several foci of 


cellular thickened endocardium as did Rabbit 79 after five doses between Decem- 


ber 12 and April 24 (Figs. 26, 27 and 28 Rabbits 280 and 292, treated very 





similarly to Rabbit 279 showed quite the same appearance, while Rabbit 283, 





treated very similarly to Rabbit . i. e., with numerous smaller doses, showed 
about the same degree of focal thickening, but without the cellu 
the others. Rabbit 172 with four doses, both drugs subcutaneously, from 


October 30 to December 8, was very like Rabbit 283. Rabbit 165 after seven sub 


larity found in 


> 


cutaneous injections of spartein and adrenalin between October 27 and November 
17 showed an area of thickened cellular endocardium Rabbit 277 with four 
injections, spartein subcutaneously and adrenalin intravenously, January 5 to 17, 
and Rabbit 267, with eight intravenous injections of spartein and adrenalin 


December 17 to January 24, showed the same general process more extensive 
than in Rabbit 279. 
Rabbit 282 with fourteen intravenous injections of spartein 0.007 to 0.008 gm 


and adrenalin 0.1 of a 1-to-1000 solution given at three-day intervals showed 


a more advanced process in which the endocardium was more extensively thick 
hickened endocardium was only moderately cellular. In Ra 


ened, and this t 





266 the most extensive change was encountered. This animal was inje 





intravenously with spartein 0.020 to 0.025 om.. followed by adrenalin 0 ( 


n reduced 


at three-day intervals for five injections. The dose of spartein was t 
to 0.18 gm. and 0.0125 gm., respectively, for two more doses at three-day inter 
vals. The rabbit died shortly after the last, and the endocardium was found 
much thickened though not very cellular (Figs. 29 and 30). In some places 
in this rabbit thickened endocardium was directly continuous with areas of 
newly formed connective tissue replacing muscle cells of the myocardium 
(Fig. 31 
Summary 


In rabbits after tl 





tion of spartein sulphate followed by adre 
nalin chlorid there develops a proliferative lesion of the endocardiun 
lining the cardiac cavity. This is probably a quite frequent lesion usually 
accompanying myocardial and pericardial lesions, as it was found in 
fourteen of a series of fifty-one hearts, even though relatively very smal 
portions of the endocardium were examined in each heart. The earliest 


change observed consisted in a slight proliferation of the endothelium 











urani 

\ nty 
ma 
sent in 
te xt 
them 
Rabbit 
we 
ur 

utor 


THE 


1RCHIVES 


re ¢ 
nts o 
’ rer 
T 
att 
reer 
rss 
need 


ered 
ref 
ira ‘ 
nor 
Y 
( 


r 
! I 
itor 
iT 
mn 
of 
Ne 
if ’ 


1500 
T ‘ 
I i 
Bye) 
it 
fourt 
} 
ew 


O; 


INTERN 


AND FP 
WALK 
} 

un 
mim 


1/ 


. ; ; 
nec ~ 
0 t el 
1 lesion « 
PRODU‘¢ D 
(ss | \f | 
M ) i | 
‘ (Tl ret 
S 1ser t 
Smit u 
} 
t wra 
1 this w 
, . 
7 ; 
sine ( 


ng an ; 
- 1, 
r | ( 
Y ’ | y ] 
rugs wel ed b 
inces Ko g s 
lescription 
Ss, et | rete T 
S this 23116 
rols to thos 3 
irteim sul} ea 
ear prot W 
system \ a 
t of arving 
() (hy ’ ) 
is ini ‘ 
tour da I 
1+ 
ee da 
t it autops Vl 
young oI tir tis 
' mus 
». 261. weilg 1760 
every t ! 
g pathological s 
* fram the Proc 
r of tl (ssc tion 


WEDICINI 


aor 
tained 
BY RI 
ICTLRO 
‘ 

e ¢ € 


moun 
r Fun 





ANTS 


; 
thy 
YT) ai ! 
tment 
nnd 
) 
ma 10 
tne 


oO 

2 gm 
en 

‘\ } 

i i 
20,0 
m 
1) 
al 





a 











H. A. CHRISTIAN—R. M. SMITH—I. C. WALKER 133 


























: the myocardium of ¢ rabbit showed foci of young connective tissue cells wit 
fibrils, lymphoid and plasma cells These foci were fairly extensive and f1 
quent fhis picture was very similar to that in Rabbit 259 previously described 

: except that some foci seemed to | made up of younger connective tissue cells 

{ and thus more recent sions, while other foci appeared olde! nd more Val 

: l 

| These foci more o1 ss replaced the musclk 

Rabbits 207, 208, 221 and 227, weighing respective 1530, 1740, 1435, 1460 
! 1345 on ere inject t ousl ith 0.002 gm. of uranium nitrates 
every three r tour iys during pe ot four mont t ty injections 11 l 
Rabbits 207 nd 208 were killed four weeks after the last injection, and at ’ 

: utopsv noth ross! patho oi Wi ioted it 1 eption of an exce 

4 ! the al il of flui in the ix cavities of Rabbit 208 e Tul of the per 

\) irdial cavi of Rabbit 208 app ed tT e considera vy im ist ind the heart 

: was larg \Mlicroseopically, t n ‘ m of R 207 was marke I 

; ested wit quite mal ed inhitratior wit Vip I es] all the l 

rica? il t ca In it n t e is " ( ‘ t oun 1 
‘ nective tisst I mphoid « s iffusely t i SI foci throughout t | 

: mV oe in The n f Rabbit 208 modera iffuse ¥ I 

en tive tis ind cel I tio! I ti l ie base i ti 
ft ventricle there w ‘rea ' necti t 1e cel vith fibri 
large numbers of leukocytes ind lymphocyte | t g t , . 
ippeare t be hypertrophi was more or less rep I t ibov 

ul the walls of t blood-vessels at this place we t milar ee 
Rabbit 2 is led six eeks aft t t ‘ At autoy there 
much fluid the |} wy ¢ es t I va lar \l ( l il 

: there was an extremely slight increas f young connective tissu ls in sn 

1 diffus for Rabbit 221 was kill thre i I the last 101 

: ins apt mal t autops NI | 1 I ( 
tis my] id and leukocyt | ithe ise] tuated, but n n ‘ 

in t subper! myocar I Rabbit 227 d i” in ¢ ma ex rir 
six W s after e last inj iol \ opsy t thir tholog ly 
was a large an nt « i free, \ | i the I t \ \l 

> nicallv there s an extremely s nerease of young ¢ ! ive tiss 
in small Toe! 

Rabbit 226. weight 1310 it { ibn ous wit 0009 on f 
u ul nit te every t ee i eT nyect | rat t 
t ( : Tt ve last inye i“ \ I ps not I il I t ( 
t t l ta was very |! t pat me! I crumt 

; Mic copical is 1 } t ti ha 7 i t 

Rabbits 124 120 nd 130 I gy resy ive oom. 1.520 a » O00 
ere ¢ injected subcutanes U.001 rou nium 1 e dal i 
r t Lvs i ich the mount of uranium |! te was iIncreast t U.UU 
on nd injecte subcutaneously i for nine ! e times After this 0.002 gn 
f 1 I nitrate was inyjectet ule ! every 1 et four da I 
twenty-five Injections Alt her these thre bbhits received forty-twe 
tions live I i ill mor $ hk bit 130 w kil i three « rite thie ist 
injection, Rabbit 129 ten days, ar Rabbit 124 was kill fou t 
ist injection At autopsy nothing pathological was seen in al inima!l Mier 
scopically Rabbit 130 showed slight congestion and very slight young connective 
tissue and lymphoid cell increase, d ffusely situated in the myocardiun lhe n 

[ eardium of Rabbit 129 was congested in places, and one sn all focus of young 
connective tissue and lymphoid ce Is was noted in t vall of the left ventricle 
Rabbit 124. microscopically showed very slight your connect tis ind 

| lvmphoid cell infiltration throughout the myocardium wit slight congestion 
which was more marked in the subpericardial myoca un I 1ddition, 1 
walls of the blood-vessels appeared to be infiltrated with young connective Ussu 

/ cells 

i 
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Therefore, to summarize the findings in this series of thirteen rabbits, 


three rabbits which were injected daily for seventeen days and every three 
or four days for twenty-five times, showed only a very slight increased 


cellularity of the myocardium. Four other rabbits injected a less number 


of times showed a similar picture. The remaining six rabbits showed a 





fairly n d lesion of the myocardium, chiefly foci of young connective 
tissue and nphoid cells, which replaced to a more or less extent the 


muscle of the myocardium. However, in none of these rabbits was the 
} 


lesion very marked, or very destructive, and in none was it extensive. 


A second series of twenty-two rabbits of varying weights was injected 


f 


subcutaneously with 0.005 gm. of uranium nitrate at three-week interva s, 


this interval having been found to give the most satisfactory lesions in 


— 
the kidneys. 


Rabbits 198, 199 and 200, weights respectively 1190, 1140 and 1190 gm., 


were injected subcutaneously with 0.005 gm. of uranium nitrate and all died 


five days after being injected. At autopsy all three rabbits had a large amount 
of free bloody fluid in the abdominal, thoracic and pericardial cavities. Micro- 


scopically there was congestion of the subpericardial myocardium with edema, 
most marked in Rabbit 199 and less marked in Rabbit 200 In addition, there 





was a slight diffuse infiltration of the myocardium with young connective tissue 
and lymphoid cells and leukocytes. In Rabbit 198 the cellular increase was more 
marked than in Rabbits 199 and 200. 

Rabbits 246, weight 1520 gm., and 251, weight 1690 gm., were injected the 
same as the ones just described, and these died seven days after being injected. 
At autopsy both rabbits had an excess amount of fluid, straw-colored, in the 
abdominal cavity. Microscopically both rabbits showed a slight diffuse young 
connective tissue and lymphoid cell infiltration of the myocardium 

Rabbit 128, weight 1330 gm., was injected subcutaneously with 0.005 gm. 
of uranium nitrate, and at the end of three weeks this was repeated. The rabbit 
died twelve days after the second injection. At autopsy nothing pathological 
was noted. Microscopically there was congestion of the myocardium with very 
slight increase of young connective tissue and lymphoid cells, and very slight 
thickening of the walls of the blood vessel. In addition, the myocardium of the 
left ventricle at the base of the heart contained a large area of cells of the young 
connective tissue and lymphoid cell types. In this area the muscle was almost 
replaced by the cellularity, only shreds of muscle were evident. 

Rabbit 190, weight 1390 gm., was injected the same as No. 128, except 
that it got one more injection, and died eleven days after the last, or third 
injection. At autopsy the aorta was stiff and like parchment, and the heart 
muscle appeared mottled with whitish specks. Microscopically there was a very 
marked patchy infiltration of the myocardium with young connective tissue 
cells, and fine connective tissue fibrils. These areas of cellularity were quite 
extensive and frequent and replaced the muscle to a more or less extent. There 
was an increase of young connective tissue about the walls of the blood-vessels, 
which were slightly thickened. 

Rabbits 247, 248, 249, 250 and 252, weighing respectively 1430, 1720, 2080, 
2380 and 2480 gm., were all injected subcutaneously with 0.005 gm. of uranium 
nitrate five times, with three-week intervals between the injections, extending 
over a period of three months. These rabbits were killed respectively six weeks, 
four weeks, three days, seven weeks, and six weeks after the last injection. At 
autopsy nothing pathological was noted in any of the rabbits, except in Rabbit 
252, which had a large, pale and flabby heart, and there was a slight excess 


of fluid stained with blood in the abdominal, thoracic and pericardial cavities. 
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Microscopically Rabbit 247 showed foci of young connective tissue cells with 
fibrils replacing the muscles to a slight extent In Rabbits 248 and 250 the 
myocardium was very slightly infiltrated with young connective tissue and 
lymphoid cells diffusely situated. Microscopically the myocardium of Rabbits 
249 and 2 showed a slight ffuse increas f g nnective tissue nd 
lymphoid ec In addition there is an 1 ir ! irdium of the left 
ventricle here young connective tissue cells wit fibers invad the already 
hypertrophied muscle The m ed like a1 ! } t new 
young tissue was growing 

, Rabbits 189, 191, 192, 193, 194, 195, 196 and 197 ighing respectively 
1390, 1490, 1470, 2500, 1280, 1170, 1215, and 1145 gn wert 1] injected sub 
cutaneously with 0.005 em. of uranium nitraté ven times at thre ver inter 
vals during a period of four months These rabbits were kil t varying inter 
val fou veeks, two weeks, tw ivs weeks, s f r wee SIX 
ve 3 ind } ¢ s re ct v aft t \ i the 


heart muscle of Rabbit 189 was of a grayish color and cut with resistance. The 
other rabbits showed no pathological change of the circulatory system. Micro- 





scopically the myocardium of Rabbit 189 was rath markedly infiltrated with 
young connective tissue and lymphoid cells, also there were areas where the 
bypertrophie muscle was re] by older fibrous sue throug \ 1 young 
connective tissue and lymphoid cells were scattered The subpericardial myocar 
dium was congested and there was a cellularity of the two above-men- 
tioned types. The walls of the blood seemed to be thickened and infil 
trated with young connective tissue cells. [he myocardium of Rabbits 191, 
192 and 193 was very slightly infiltrated diffusely with young connective tissue 
cells and the muscle was somewhat hypertrophied The last rabbit, No. 193, had 
a more marked cellular increase than the two former. Rabbit 194 showed a 
very slight diffuse young connective tissue and lymphoid cell increase rhe 
myocardium of Rabbit 195 was congested, edematous, quite markedly infiltrated 
with lymphoid cells, a few leukocytes and young connective tissue cells. Rabbits 
196 and 197 showed a similar picture. ‘There was a very slight diffuse increased 


cellularity with occasional foci of young connective tissue and lymphoid cells, 
also mild congestion and slight muscle hypertrophy. 


it 1580 gm., was injected subcutaneously like the above 


Rabbit 178, weig 
rabbits for six times and killed nine weeks after the last injection Micro 
scopically there was slight diffuse young connective tissue and lymphoid cell 
increase with slight hypertrophy of the muscle of the myocardium. 


Rabbits 177 and 187, weighing respectively 1250 and 1360 gm., were injected 


subcutaneously with 0.004 gm. of uranium nitrate six times at three-week inter- 
vals and were killed four and nine weeks after the last injection Che myocar- 


dium of Rabbit 177 showed a very slight di young connective tissue and 





lymphoid cell increase. The walls of the blood-vessels were thickened and the 
intimal cells appeared to be proliferated. The myocardium of Rabbit 187 showed 
a more marked lesion The young connective tissue cells had fibrils, and these 
had invaded degenerated muscle fibers, and the new tissue more or less re placed 


the muscle. A few lymphoid cells were noted 


In this series of twenty-two rabbits, the myocardium of ten rabbits 


] 


showed only a very slight increased cellularity. The myocardium of the 


} ] 


remaining twelve rabbits showed a fairly marked increased cell 


I larity of 
the young connective tissue and lymphoid cell types, situated diffusely 
and in foci, which caused degeneration of the muscle and more or less 
replaced it. 

A third series consisted of guinea-pigs of varying weights injected 


subcutaneously with varying amounts of uranium nitrate, ranging from 





536 THE 1RCHIVES Ol! INTERNAI VEDICINI 





0 OO0O5 r! t; OOo m.. at val r) intervals N ot no ross 

1g il was l I ese animais 

Guinée Pi li 75 was ink . ‘ il ] ith 0.00) , 
or ur in nit f | yet Ss iat \ pica t re was quite 
1 mal i Lil Use I : l ritv ott O rective ti Iwn ( 

types, W I stio! I the myocardl (ls : s ¢ 
I esent in 8! 

Guinea-l +i ‘ oht 440 ag is 1 ‘ ! < vith O.OO1 ' 
ot uranium ! t is ente r t t s f el iniectior 
Th l ea-t i ter t ist i NI ] u 
in we ’ i ture to Guinea-Pig 175 

& ea-l 142 veights OSo a OU on eu ( subcut 
neous! vi Of 1 im nitrate ¢ i f j tior 
Lhe n ! vas inere ‘ o.0 on ! Gul P 

P three . iY tior (juir }’ Is \ ed eig it ‘ 
of (001 om. « ek per s ar 3 1 ten < £4 { ‘ ‘ 
pi t 1 mie nyves nm ar a ‘ I ng cont Ive 
ir é f of young connect ! my 

s of the | " if } t e! 

CGruinea-P iS6 241 iit 0 ar SO ! il 5 
neou t om n t te . 

i t t t i I \ nm ¢ I ( ‘ ! s 
d ift ! 1 Guinea-Pi 1] Lvs 
in} \I ee! ea il G [Nt = ; 
ested al 5 I i ‘ u t 
Phe ' 
\ ! t ! It ts I i 
al f : ! ( 
n rn " ( i ! i s t 
“ t t 1 ot =Sule 

G ea-P if é t 550 n was ini | ‘ j 000 
of uraniun tin t three t , P t 
if 3 Microsecoy t ! i n nsi 
est I i Ivn ‘ S 
" a fe 

(,ulnea-! is O70 a is ini ; v 
IX 1 \ Ss al Vas WK t s I 


, same twnes of « 2 ey ; 
The abov most n ed it ~ ! n | 

“ . ~ . 3 

‘ 

Guinea-Pig ) 100 on sit t tar th 0.00 
ot 1 ium nit es t thr ¢ sa 1 I i 
] f st ‘ ! Mi t n ca \ 
mark \ ! t . | inhiitrat \ 
tis e ¢ . i I t IM ! ‘ ‘ ver 

new t? ‘ 

Guinea-Pig 188 ¢ t 450 on was inject subcutar is] it 0.003 ! 
ot ura rT t ' ‘ pig ' i ' l in 
l ros ' ! ‘ i! i] sil t = ni t = 
cellularit 

his series n g ne plgs rece ( 1 Sil i! mount ot! I 
nitrate in pr tio! weight as did t ra ts in the pre ss 














——eeE—————eee 














i 


ft 


HRISTI 


i 


( al 
mT 
an I 
2250 
ull 1 1 
1} 


very otl 
ibbit 
tul 
i 

. was 
ventricl 
730 
+] . 

; 

t 

{ { ry 
! 


e! 
st 
i\ 
} 
" 
n 
{ 








538 THE 1RCHIVES OF INTERNAI YEDICINE 


times more at ten-day periods, extending over a period of three months altogether. 

















Six weeks after t last injection the rabbit was killed At autopsy nothing 
pathological s noted Microscopically there was congestion and a slight diffuse 
cellularity of the young connective tissue and lymphoid cell types, also these 
same cells were in i In addition, there were areas of young connective tissue 
‘ witl ils wing the alread hypertrophic muscle The walls of the 
| ‘ 3 re t ‘ 1 and infiltrated wit voung connective tissue cells 
I t 239 1 243 veights 2250 and 2280 on ver injects subcu 
tar s vi 10 ms of Fowler’s solutior In ] 239 this s repeated 
é sevel i for three times and the rabbit died s n iys after the last 
nject In 243 this was repeated twi t weekly int ils and the 
ra t lt s after the last injectior At autopsy Rabbit 239 owed 
10 but Rabbit 243 had an excess of 1 in the pericardium 
nd : t y large Microscopica 1 rabbits she i similar 
esion ¢ t! n in There was a slightly 1 : r ularit both 
diffuse ir | foci of the young connective tiss und ly1 oid « types 
vith 1 ra ngestion and mus yper phy The walls of t blood-ve Is 
were ¢ , 
Rabbits 2 4, and 255, weighing 2250, 1950, and 2180 gm. respectively, 
W ich inj subcutaneously with 10 n ms of Fowler’s solution, and 
this is s at ten-day iu ils | rabbits were killed eight 
i s st nie i At toy ne g pat | il was 
\I | its 253 ! 204 & 1 ver | ht y ing ¢ l 
iective tiss ( of t myoca I bbit 255 she 1 only marked 
cor t ’ t rdiun 
| i 234 37 eig] ind 1950 gm vere injected subcuta- 
neously with 10 minims of Fowler’s solution, repeated six times at weekly inter- 
vals and three times more at ten-day intervals. One rabbit was killed eight and 
the other six weeks after the last injection At autopsy nothing pathological was 
not Microscopically Rabbit 234 had a slight diffuse young connective tissue 
und lymphoid cellularity of the myocardium with muscle hypertrophy. The walls 
of the blood-ves s were slightly thickened The myocardium of Rabbit 237 
showed young < nective tissue and lymphoid cells diffusely and in foci with 
slight hy trop! f the muscle 
In this series of fourteen rabbits all showed a more or less increased 
cell ty of the myocardium diffusely or in foci or both. In two rabbits 
there was only congestion of the myocardium, in six others a slight cellu- 


larity of the myocardium with slight hypertrophy of the muscle. In the 
remaining six rabbits the cellu arity was mor marked, but not very 
s of the blood-vessels seemed to be thick- 
ened. The cellularity was of the young connective tissue and lymphoid 


nother series consisting of seven guine: 


f 
| 
r 


taneously with varying doses of potassium bichromate in a 1 and a 5 per 


cent. aqueous s§ | ition. 


Guinea-Pigs 136 and 137, weights 475 and 490 gm., were injected subcuta- 


neously with 2 minims of a 5 per cent. solution of potassium bichromate. The 
former died four days and the latter twelve days after the injection At autopsy 
no pathological lesion was noted. Microscopically both guinea-pigs showed a 
similar lesion of the myocardium. There was marked congestion and a slight 


diffuse young connective tissue and lymphoid cellularity, which was most marked 
about the walls of the blood-vessels. There were areas where the muscle appeared 


hypertrophied and other areas where it is degenerated, the muscle cells having 
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swollen and faintly stained nuclei. The walls of the | l-vessels were thickened, 
and infiltrate with ing con i t le t s of t ntima 
ippea if be pr ilferating 

The remaining five guinea-pigs of this series t ivh t y received different 
amounts of the potassium bichromate and at different interva ill showed a 
similar lesion and consequently all i I t 

Guinea-Pig 179, weight 480 go was te >? minims 
of a 1 per cent. solution of potassium ted thre Lvs 
later t iin i! \ Lys and I! ys V l : 3 wa incre ised 
to four minims, and two days after ~ 8 ed four 
times at ly per $ al i t ‘ tt 3s the 
guinea-pig received four 2-minin ( t-n i I ! tions 
ihe guinea-p! was kl ten days after the Gui P 180, 
weight 465 gm was injected simiilat i t be ifter 
which it died. Guinea-Pig 181, we t ) s s ith 
2 minims of a 5 per cent. solut 1 of pe ! ! t \ ted 
six days later, and again nine days later On the el { vy. that tw ivs 
after the last injection, the amount of potassiun ichromate was ! 1 to 5 
minims of a 1 per cent. solution and this was injected t é ith two days inter 
vening. Two days later again the dose of pot im bichroma increased, 
this time to 15 minims of a 1 per e solut vas nes at 
weekly intervals and three times at three-w : intervals lhe iinea-pig was 
killed eight weeks after the last injection. Guinea-Pig 183, weight 400 gr was 
injected subcutaneously with 5 minims of a 1 pet nt. solution of pot um 
bichromate three times in ten days After this t mount of bichre te was 
increased to 8 minims of the 1 per cent. solution and was it ted subcutaneously 
eight times at weekly periods and two times at 1 we er 3 rhe 
guinea-pig was killed t days after t 3 I G ea-Pig 184, weight 
300 on was iniected cutanes lon ! es sf lution 
of potassium bichromate six times in twelve « s and with 8 minims of l per 
cent. solution two times in three weeks The guinea-pig died one vy after the 
last injection At autopsy none of these guinea-pigs s ve Ll pat rical 
lesion of the heart Microscopic illy they all showed a verv milar lesion of the 
myocardium There was marked congestion and a t diffuse cellularity of 
the young connective tissue and lymphoid cell types \lso these cells appeared 
in rather extensive foci, and were more noticeable about the blood-vessels The 
walls of the blood vessels were tl! ened and wet! infiltrated with the san 
types of cells In Guinea-Pigs 180 and 184 this cellularity was less mat 1 than 
in the two other guinea-pigs. 

This series showed a rather more marked cellularity of the myocar 


dium than any previous series, although the lesion in none of these 
ouinea-pigs was very extensive or destructive. 
The last series consisted of seventeen rabbits f varving wel ts 


injected subcutaneously wit! 


in an aqueous solution at varying intervals. 


Rabbits 131 and 133, each weighing 1900 gm., were injected subcutaneou 





with 1 ¢.c. of a 5 per cent. solution of potassium bichromate, and they died five 


and six days later, respectively At autopsy no pathological lesion was found. 
Microscopically the myocardium of Rabbit 131 showed a very slight cell larity 
of the young connective tissue and lymphoid cell types diffusely and in foci rhe 
walls of the blood-vessels were htly thickene nd infiltrated with young con- 








nective tissue cells. tabbit 133 showed a similar picture in the myocardium, 


except that there was in addition congestion and plasma cells in the foci and 


more degeneration of the muscle cells which had lost the cross-striations 
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Rabbits 262 ar 
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with three weeks 
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Pil 


ght 1200 gr was inject subcutaneously with 1 e¢.c. of a 5 
potassiu bichromate the injection being repeated on the 
rabbit died on the j day Nothing pathological was 
Microscopically the e areas of old fibrous tissue infil 
nnective tissue cells, alse ci of these young cells which 

, 

ight 2170 on was injec . cutaneous with 0.75 e.c. of : 
f potassium bichromat | bbit died tw weeks later 

¢ pathologica Was note \l oscopically there was con 
is nd extensive foci of young connective tissue ce Is wit 
3 an 1 very few leukocytes 

l », We ing 1840 and LSSO0 rn were each ir ject« i subcuta 
‘ tv per cent solution of potassium bichromate ihis was 
late and ifter Zl n Fi of a l per ent. solution 
n t was é hbcutane sly it three-wee intery = 
Both were kill elaght we 3 tte the ist injection \ 
ogical was four \Microscopica both rabbits showed a 
myocardium there was a s t diffuse young connective 

| increase with n erate ngestion In addition, there 
connective tissu lympli ‘ s, and plasma cells | hese 

tensiv ind replaced the n cells ihe n irdium ol 

slight more extensive lesion thar id Rabbit 134 In bot 
d-vessels wel t 
224, 225, and 2 W respectively 1300, 1530, 1730 

each it ‘ ul taneous with 21 minims l 
I} . m bik omate I : Ss repe 1 eV Vv three we s 
: lhe rabbits e! ( respectively ter thre ten 
ifter the last-i ior \t topsy only Rabbit 225 ved 
uw t swasas 1d in ti ibdominal cavity 
ts 222, 224 225 | t similar lesion of the myocardiun 
ise \ cont! tiv tissue « llularity ind also foci of these 
tered throu t the myocardium with more or less replace 
ls | ‘ i l sott blood-vessels we thick 
ibbits, Nos. 223 and 231, showed only a ve slight diffuse 

" llularityv of he 1 ul 

j 257 n 58, weighing respectively 2380, 2050, 2330 and 

injecté ubcutaneous 21 minims of a l per nt 
ron four times at three < interval Che rat s 
v ind nit weeks res] ely after the last injectior 
pat logical lesion foun vas in Rabbit 245 " 1orta 

. ‘ In Rabbit 2 t vi | pericardiun is coveres 

rinous filt ind the eart Rabbit 258 was lat Micro 
im of Rabbit 244 sl ed 1 lesion [he myocardium of 
slig diffus oung cont ive tissue and lymphoid cellu 
nm the 1 ear m of the left ventricle there 
fibrous ti 1 inva t replacing the muscle Tr} 
ssels we infiltrated ith young connective tiss cells 

f Rabbits 257 and 258 shows i verv slight diffuse young con 
it it i verv few lwmphoid cells 

ight 1310 gem., was injected s utaneously with 21 minims 

solution of potassium bichromate three times at three-week 

rabbit di three davs after the last injection At autopsy 
rable od-s n luid in the abdominal cavity. Microscop 
lium showed an increase cellularity of the voung connective 

id types, both in foci and diffusely 
ti weights 1550 and 2000 on vere each injected subcuta 

inims of a 1 per cent. solution of potassium bichromate twice 

ntervening between the two injections The rabbits were killed 
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During past nte 1910, | R. M. Smit : 
| and under the supervision of Dr. H. A. Christian, did some experiment 
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Department f Theo ind Practice ¥ S { Hat ! \l i] 
Schor [This paner is a desc1 tion ¢ sor t ne] t 
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In this series, although all the rabbits showed either a 


chronic lesion of the kidneys, none showed any lesion of the 
Another series of twenty-one rabbits of varving weights 


subcutaneously with 0.005 gm. of uranium nitrate at three-w 


n acute or a 
pericardium. 


were 





eek intervals, 


which interval was found to produce the most satisfactory kidney lesion. 


In this series thirteen rabbits showed no lesion of the 


whereas eight rabbits did have a lesion of the pericardiun 
was not marked. 


Rabbits 198, 199 and 200, weighing respectively 1190, 1140, 


were injected subcutaneously with 0.005 gm. of uranium nitrate 





Maer sce pic lly, no lesic n orf the pericaradl 


pericardium, 


1 although it 


and 1190 gm., 
, and all died 


um could be 


made out Microscopi y their pericardia showed congestion which was more 
marked in so1 I es than in others 

Rabbit 251, weight 1690 gm., was injected once in the same manner with the 
same r, and i seven days later. Macroscopically there was no lesion, 
but microscopically the pericardium showed slight infiltration with young con 
nective tissue and lymphoid cells. 

Rabbits 194, weight 1280 gm., 195, weight 1170 gm., and 196. weight 1215 
gym., were li ct subcutaneously with 0.005 gon of uranium nitrate nd this 
was re ted at three-week intervals for six times more, the rabbits being killed 
lour and six weeks after the last injection. Macroscopically there was no peri 
cardial lesion Microscopically Rabbits 194 and 195 showed a slight increased 
cellularity of the von connective tissue and lymphoid cell types. Rabbit 196, 
microsco] we isi tir ised cellul throu it the | icardium, 
li t s ! in a ition ¢t per irdium at the base of the 
left ventric s rather markedly infiltrated with lymphoid cells and young 
connective tissue in one place extended down into the s1 ericardial mvo 

] ) 
cardium to form a fairly large patch of loose fibrous tissue infiltrated with voung 
conr ve tis lvi id cells with a few red blood-cells and leukocyte 
Lhe 1 ‘ 1s r t ur s replaced by this } ch of tiss1 

I 178, wei 1580 on was injecté | neously six times at three 
wer } 0.005 gr of uranium pi nd was kil n weeks 

te last ti Macr cal tl ! n showed 1 lesion. 
Mie { ' Wa 1 slicht increase of 1 ne connective tissue cells with 
j \ ' P inetu { ? um ar the 1 on ur 
' f this series s ‘ ) of their perica t 
t T ( tw nt ‘ ) ] I ected S } r! ) d 
f ] ; 

( ( either acut ( ( Oo! esions oO DOU! tneir 

! ‘ I ts da] n of t nericardiny and this 
le : é ! t not confined to any 
sr ! tior ti time limit, a gh four 
of the } , lesion. name estion onlv. 1 1 only 

a ] ? 
( ! tlor 1 tew days | I I ( IT Hits i g 
l le n or the ird I wel ( ind seven t mes, al l 5 
lesio1 slight increased cel irity of the ng connective tissue 
and !ymy ( es 

In at s guinea-pigs of varving weights were injected sub 
aneously wit ng doses of urar n nitrate at varying intervals of 
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time. In all, ten guinea-pigs were used and all showed a more o1 
less marked lesion of their pericardia microscopically, but nothing 
= 
macroscopically. 

Guinea-Pig 175, weight 475 gm., was injected subcutaneously with 0.001 g1 
of uranium nitrate, and died four weeks later. Micros¢ pically there was pré 
liferation of the pericar ial cells 

Guinea-Pigs 140, weight 440 gm., 186, weight 390 gm., and 176, weight 550 
gm., were all injected subcutaneously with 0.001 gm. of uranium nitrate, which 
was repeated at three-week intervals for eight, five and six times in each rabbit 
respectively. Guinea-Pig 140, receiving eight injections, ar killed ten days 
after the last injection, showed foci of young connective tissu nd lymphoid 
cells at the juncture of the pericardium and the myocardiu In G Pig 
186, which was injects five times, and dis ten <« s after ¢ st i n 
the pericardium showed mod e ( estion and a f n ir of 
young connective tissue and lymphoid cells at the junetu of the pericardium 
and the myocardium Guinea-Pig 176 received s it tior i was illed 
ten days after the last injection. There was a slight } I connective tissue 
and lymphoid cell in ise 

Guinea-Pigs 139, weight 685 I Y 142 \ t 560 n wer i sul 
cutaneous! th 0.0005 1 of 1 . . , 
tions al | fter this the uranit Ss if I LSsé t Uf ] ii ( 142 
died thre« s lat ind the pericardium s i ly t é ! 
your con! ive t e cell increas 1 few plasma cells ! " 
cells also were present The other, Gui Pig 139, surv of 
0.001 oe it thr \ interval ul s lled ten « r 1 t 
injec ! I | irdium sh l congest ! ema 

¥ Guinea-Pigs 22 \ t 400 gn ul 241, we t 485 . 

sul neous t 0.00] I ( urar m I it \ re 9) 
for thr times nad the imal was kil 1 fiy ‘ S f r ft { j ' 
In Guinea-Pig 241 the drug was repeated f times, w it iT 
davs after the fifth ir tior In Gui P 229 1 pel s 
thickened vitl 1 ir ( e in the \ l ( ! t P } 
and in addition, a few plasma cells w present GH -P ' 1 the 
same kind of cells, but in foci seatt d thre out pe 

Guinea-Pig 185, weight 670 g inject subeutar 0.002 
gn ol iniu i rey te fi\ t t 
of the pe I ind n r vour ( ne tissue ce] 
increase at t neture of tl I ica? un } t ' 1 

Guir Pig 188 é t 450 go vas 1 th | n 
f uranium nitrate, and died six days ] r, showing thi ! I un 
in places where there was considerable young connective tissu¢ nd | phe cell 
increase with numerous plasma cel] 
in proportion to w t than the rabbits showed a slight 
lesion and this lesion was more constant 

A series of rabbits, fourteen in a were experiment on wit rse 
in the form of Fowler’s solution. Three rabbits received the ar 
stomach-tube, a dose of 8 or 10 minims in as much water t 
were injected subcutaneously several times, and afterward it wv n | 
stomach tube. Nine rabbits were injected subcutaneously only, the subcu 

taneous dose in al! rabbits being 10 minims undiluted, with the exception 
of one it, which got 8 minims. 
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ha it 245 t 22580 on was injected s cutaneous! \ 1 10 minims of 
3 { 5 eated at ve intervals bet loses 
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the rabbit was given 10 minims of Fowler’s solution by stomach-tube every day 
for five days. On the sixth day the rabbit died. Microscopically there was mild 
congestion of the pericardium and areas of hemorrhage at the juncture of the 
pericardium and the myocardium 

Rabbit 132, weight 2050 gm., was injected subcutaneously with 10 minims of 
Fowler’s solution seven times in ten days, when the rabbit died rhe pericardium 
showed no lesion either macroscopically or microscopically. 

Rabbit 253, weight 2250 gm., was injected subcutanec usly with ten minims of 
Fowler’s solution at seven- and ten-day intervals for seven times and was killed 


eight weeks after the ist Injection The pericardium was not abnormal! 


Therefore, of the fourteen rabbits which were given arsenic 1n val 


ays over long and short periods, two showed no lesion of th pericar- 


dium, two others only congestion, four showed a very slight cellula 


increase, which was hardly more than normal, and six rabbits did 


; & 
a 


ightly increased cellularity of the pericardium. 
A fifth series of seven guinea-pigs of varying weights were injected 
subcutaneously at various intervals with varving doses of an aqueo 


solution of potassium bichromate. 


Guinea-Pigs 136 and 137, weighing respectively 475 and 490 gm., were injeet« 
subcutaneously with 2 minims of a 5 per cent. solution of potassium bichromat 
rhe former, Guinea-Pig 136, died four days and the latter died twelve days after 
the injection. Macroscopically the pericardium appeared normal Microscop 
ically, the pericardium of Guinea-Pig 136 showed areas of young connective tissue 
and lymphoid cells with congestion. In Guinea-Pig 137 there was a very slight 
voung connective tissue and lymphoid cell infiltration both diffusely situated in 
the pericardium 

Guinea-Pig 179, weight 480 gm., was injected subcutaneously with 2 minims 
of a 1 per cent. solution of potassium bichromate and this was repeated three, 
tive, and nine days later. On the eleventh day the dose was increased to 4 minims 
of the 1 per cent. solution, and on the thirteenth day again the dose was increased 
to 8 minims of the 1 per cent. solution and the guinea-pig was injected as pre 
viously. This same dose was repeated five times at three-week intervals and three 
times at weekly periods. Thus the guinea-pig was injected subcutaneously four 
teen times, four times with 2 minims, once with 4 minims, and nine times with 
8 minims of a 1 per cent. solution of potassium bichromate in four and one-half 
months. The guinea-pig was killed ten days after the last injection Microscop 
ically the pericardium was a little thickened with an increase of young connective 
tissue and lymphoid cells with congestion and edema 

Guinea-Pig 180, weight 465 gm., was injected exactly the same as No. 179 
except that it survived only two injections of the 8-minim dose and died two 
weeks after the last or seventh injection, thus receiving mostly small doses 
Microscopically the pericardium showed a similar picture to Guinea-Pig 179 


, 


Guinea-Pig 187, weight 835 gm., was injected subcutaneously with 2 minims 


of a 5 per cent. solution of potassium bichromate, and six days later with 5 


minims of a 1 per cent. solution This was repeated in three days and again 
in two days late After this the dose was increased to 8 minims and the 
guinea-pig was thusly injected Iwo days later the dose was again increased t« 
15 minims of a 1 per cent. solution and the guinea-pig was injected and this 


injection was repeated six times at weekly intervals and twice more at thre 
week intervals Eight weeks after the last or thirteenth injection the guinea pig 
was killed. Microscopically at the base of tl left auricle the pericardium was 
much thickened with young connective tissue and lymphoid cell infiltration, cor 


gestion, edem ind increased vascularity 
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Guinea-Pig 183, weight 400 gm., was injected subcutaneously with 5 minims 
of a 1 per cent. solution of potassium bichromate. This was repeated in six days, 
again in two days, and two days later the dose was increased to 8 minims and 


the guinea-pig was injected. After this the injections were suspended for six 
weeks, and then the guinea-pig was again injected subcutaneously at weekly 
intervals with 8 minims of a 1 per cent. solution for seven times. The guinea 
pig was killed ten days after the last injection. Microscopically there was a 


slight increase of young connective tissue cells and slight congestion of the 
pericardium. 

Guinea-Pig 184, weight 390 gm., was injected subcutaneously with 1 minim of 
a l per cent. solution of potassium bichromate, and this was repeated every 
other day for six times, then the dose was increased to 8 minims of the 1 per 
cent. solution, and the guinea-pig was thus injected two days later, and repeated 
in two weeks The animal died the following day. Microscopically the peri 
cardium showed considerable increase of young connective tissue and lymphoid 


cells 


Thus of the seven guinea-pigs which were injected subcutaneously 
with various amounts of potassium bichromate at various intervals, all 
showed some lesion of the pericardium, but in none was the lesion exten 
sive or marked, usually only a slight increased cellularity being noted. 

The last series consists of eighteen rabbits injected subcutaneousl\ 
with potassium bichromate in doses of 21 minims of a 1 per cent. solution 
at three-week intervals; this method seemed to give the best kidney lesion. 


A few rabbits, however, received smaller doses of a 5 per cent. solution. 


tabbits 222, 223, 224, 225, and 231, weighing respectively 1300, 1530, 1730, 
1700 and 1330 gm., were all injected subcutaneously on the same dates with 21 
minims of a 1 per cent. solution of potassium bichromate. Each rabbit was 


injected five times at three-week intervals and they were killed respectively ten, 
three, ten, nine, and eight weeks after the last injection. Microscopically nothing 
abnormal was noted. Microscopically Rabbits 222 and 225 both showed slight 
young connective tissue and lymphoid cell increase at the juncture of the peri 
cardium and the myocardium. The pericardium of Rabbit 224 was very slightly 
infiltrated with young connective tissue cells with congestion. The pericardia 
of Rabbits 223 and 231 were not abnormal 

Rabbits 224. weight 2380 gm., 245, weight 2050 gom., 257, weight 2330 gm.. 
and 258, weight 3310 gm., were all injected subcutaneously on the same dates 
with 21 minims of a 1 per cent. solution of potassium bichromate. In all, each 
rabbit received four injections at three-week intervals, and they were killed 
eight, eight, five and nine weeks respectively after the last injection. Macro 
secopically the pericardia were normal, and microscopically no lesion could be 
made out with the exception of Rabbit 244, whose pericardium showed a very 
slight young connective tissue cell infiltration with congestion. 

Rabbits 262 and 263, weighing 1550 and 2000 gom., were injected with 21 
minims of a 1 per cent. solution of potassium bichromate two times with three 
weeks’ interval between, and the rabbits were killed twelve weeks later. Macro 
scopically the pericardia of both were normal. Microscopically Rabbit 262 showed 


? 


no lesion of the pericardium, but Rabbit 263 showed a slight young connective 


tissue and lymphoid cell infiltration at the juncture of the pericardium and the 


myocardium 
Rabbit 228. weight 1310 om., was injected like the above for three times. 
and died three days after the last injection. Microscopically the pericardium was 


very slightly infiltrated with voung connective tissue cells and slight congestion 


was present 
Rabbits 134, weight 1840 om., and 135, weight 1880 om., were injected sub 
cutaneously with 0.5 ¢.c. of a 5 per cent. solution of potassium bichromate. Ten 


days later Rabbit 134 was injected with 0.25 e. ind Rabbit 135 was injected 
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with 0.5 c.c. of t same solution After this 21 minims « 
were injected subcutaneously at three-week intervals f 
were killed elght weeks after the last inj +i as 
abnormal macroscopically Microscopically t Ww 
increase of young connective tissue cells ar ils foci of 
of lesion being situated at the juncture of the pe iu 

Rabbits l and 133, each weighing 1900 gm., wer: 
with 1 ¢.c. of a 5 per cent. solution of potassium bicl 
five days and the latter six days after the injection Mix 
showed a very slight young connective issue and ly: 
the juncture of the pericardium and myocardium. Rat 
showed proliferation of the pericardial cells, « sio1 fi 
tissue and lymphoid cells and areas of hemorrhage and « 
the pericardium and the n yocardium 

Rabbit 182, weight 2170 gm., was injected subcutans 
) per cent. solutic of potassium bichromat ¢ 
iter Microscopically there were foci of young conne 
ells at the juncture of the pericardium and the myoca 

In t series of « teen rabbits six showed 1 

irdiun ns ere was a slight incre 1 « irit 
ngs rabbits U pericardium showed a falr mar 
Nummayr 
Thus -it is seen that the drugs used in these « 
’ ) 
n ali cases there was a ne ritis more or less mar 
ise a marked lesion of the pericardium, and in n 
ynly a slight deviation from the normal, and man 
all; whereas, in the experiments with spartein s 

= ’ ’ ’ . 
hlorid, both injected intravenous and in those 
sulphate was used subcutaneously, lowed | ire 
practically all rabbits showed onsiderable and ma 
esion of the pericardiun 
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STUDY xX HEPATIC LESIONS SSOCIATED WIT 

CARDIAC LESIONS 
HENRY A. CHRISTIAN, M.D., BOST¢ 

In a study of experimental myocarditis produced 

) ) 17 ] ] } 
ind adrenalin chlorid carried on in this Jaborator 
rabbits received injections of these substance: \ 

vers from these rabbits form the basis of this st 

TI} at whe +] . r . } 

I most UI I toning I S sel = f 
lesions, in sharp contrast to the very constant cat 
and adrenalin appear to produce very slight direct 
t most as demonstrable in our animals, a transier 
iver (active hvperemia) as shown in | ire 32* fr 

*All photographs for this series of articles we 

the Massachusetts General Hospital. for whose caref 
ny thanks 
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oP ) : ri ving subcuta sly 0.025 gm. sparteir } 
f ; 
S f I i wusiv Dy O.2 ¢ ( a 1 to 1.000 solut I : 
adrenalin chlorid. On the other hand in some rabbits there result hepat 
; ] + ; y na ’ , » + 
change \ e ll ctiy caused Dy tne § le nd a na tiv 
Se] substances prod ( irdia lesions and cons ent to a 
I = restion o the ver a ‘ | Ss We ive I ( I 4 
I { é producing the hepati . 3 4 chron issive 
} 
t ! I the conditions are q nal vous to t e | aL I } 
. . = , 
mal | ng I caralar Ssuinciel niortunate n oniy l cw 
. 
of these rab t cardiac lesion adva to stag moderat 
' 5 
decon ! ind o1 showed | tic ¢ nges inte etable as ‘ j 
rT , with ¢ views recently « recced Ma ory nt iT | 4 thy 
t ¢ e hena esions of chronic passive congestion. views 
TY } T tT T y } 
[ I : 
y ‘ . (Ra te ICG 075 2R0 R29 283) } lec 7 y lt 
if 
Cor ts 7 I itation ¢ t sinusoids. most mar | 
ty \ s (termina ' of the hep vein) and : 
: 4 p ; re] ral resent Thr if t} \ | yures } 
sand 34s : itation in contrast the normal condition s , 
in Figur , \long with t dilatatior the sinusoids t ] cells . 
snow atl ( ( PASE diameter No other ¢ mees ar na in } 
S 4 
the ] eT mount 7 | ta ra) varies 1 the —T' eral li ‘ es and Yr) 3 
} ’ 
nol Ss 1t extreme I} is el inge appears to D i Simple pnassive c rest n 
1 . , 
‘ e ] r conse nt to the cardiac lesior 
In a fift rabbit (Rabb 79) of tl] Series a ve diffe nt enat 
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, 

, 
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the fact fT it I ed « radia lesion ¢ sted and the } wt iunct nally 
was decompensated as evidenced by a marked degree of edema and ascites 
In the seeond 1 there is a verv marked lesion listinctly rrecular n 
. . ’ 1} 1 4) 
s distr itior naistine of the disannearance of er cells and their ‘ 
replacen nt A « nnacles This lesion corres node In apnearance ) 
% 
with what is seen in the ver lobules of ma ecrees of chronic passive 7 
congestion I 1 n 1 pleture usua lv ¢ nlained } ITISIT froy the a 
at op} mnd disanr iranes of ] ver cells nad ti enla ment hv dilated 
’ > « 1 ’ 2 
sinusol ] es 36. 37 and 38 show thes esions unde moderat 
mag ition and illustrate their focal characte More careful stud vi 
t 
of the char ~ t live! of this rabbit shows that thes lesions ( j 
] ] ; ] 
ry r ni ( —TT Ti ng Y more rié ( = T ta) ‘ . T T - 
than in others taken from different parts of the live howeve s son : 
. 
as 
: ; Are 3 
8. For protocols of rabbits referred t » end of this paper ; 


39. Mallor rnal Med. Research, 1911, new series. xix, 455 q 
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The lesion nearly always is closely adjacent to some branch of the hepat 


vein, and very rarely extends peripherally so as to be in contact wit! 


a a ecient nn inte tesa 
NS 
7 
J 
- 
= 
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branches of the portal vein. This distribution of lesion corresponds 


*« which there was no vascular or other lesion. In its most typical form the 
lesion consists of an area from whose center liver cells have entire! 
; disappeared and there remain only red blood corpuscles, a small amount 
{ of henat reticulum and ood-vesse walls w ( nective tiss ans 





by are found in different stages of degeneration. Many of these cells are 
it more or less necrotic. The necrosis is evidenced by the cytoplasm staining 
pinkish to dark pink in contrast to t b of the nor plas? 
ih The cytoplasm usual contains fine granules of vellowis t al 
i the cells are smaller than the normal liver cel The nucl 1 some cells 
: have disappeared, but as a rule the nuclei show much less cha thar 
does the cytoplasn Almost always hemorrhage has taken place ut t 
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— 
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corpuscles are plainly seen between the liver cell and the wal the si 
oid (Figure 40). Polynuclear leukocytes to a slight extent war r int 

the space about the necrotic liver cells or penetrate them. At the pe el 

i of many of these lesions transitions can be traced between slight] 

j changed liver cells with a few red blood c« iscles about them to space 
fr ym whic] livel cells ave disat ] ed entire i! 1 the ¢ sh y 
taken by red od corpuscles. In sections stained th 4 = 
connective tissue stain. foci where no liver cells annear can be seen to be 
made up verv largely of red blood corpuscles filling gs) s { 





occupied by hepatic cells, and in such areas the dilated sin ! 


er. a ee 
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eating some disturbance in t sual ¢ ! ul 
’ . 
' Scattered ol t! ections ( S ¢ vel most S 
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7 t the pe eC! emorr} S \ 
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} 


toplasmic granules and threads; some cells have a distinctly punched 


out appearance as if all else than nucleus and cell membrane had disap 


peared ; ot cells have a distinct foam structure made up of medium 
sized vac The exact relation of these liver cells to the hemorrhagi 
foci is not clear. The line of demarcation between hemorrhagic focus 
and vacuolar cells is usually sharp, but the two are ordinarily closely 


related. Sometimes sinusoids between the vacuolated cells are dilated, 


sually not. In a few places red blood corpuscles appear to have pene- 
trated the cell membrane and are crowded about the nucleus. Possibly 
to a certain extent hemorrhagic foci form as a sequence of this tvpe o 


} 


cell degeneratioz However, tl! 


lis cannot be said to be proved by the 


findings in this liver 
In addition to the changes already described only one other liver of 
the series show 1 lesion; that was a fairly well irked cirrhosis prob 





» 1] 

is t was ¢ Si! ir te 1 type yy; ClTrnosis occasionall met wit 1! 
) : el il n Vv lous Wa I ed without an t it? nt 

for nire! nil ry} ymahly nontan r ¢ iv] ta] —_ 

OI ontrois, ) ~ resumabdiv a spontaneous or accidental iesion 


Summary 


In a series of fifty-seven rabbits treated in various ways with spartein 


{ 


1 adrenalin, very few hepatic lesions were found. In one focal necroses 


ant 
and in another cirrhotic changes were encountered, not believed to be 
associated with the drugs in a causative sense. In animals killed short] 
after injections of larger doses of spartein and adrenalin acute hyperemia 
of the liver is found. In rabbits showing distinct cardiac lesions, two 
changes are found in the liver. One is a simple general dilatation of 1 
central sinusoids with slight atrophy of liver cells, simple passive conges 
irance oO iver cells and their replacement by blood. The latter change 
s the result of simple passive congestion combined with degeneration, 
1] 


mainly necrosis of liver cells as shown by the irregular distribution of the 


esion and the sence of blood outside the sinusoids, either about degen- 
erated liver 3 occupying the space remaining after the total disap- 
irance « r cells, simple passive congestion plus focal liver 
, . “ 
aegel it inical ette In cor nation wit it [ so 
nd interstitial hemorrhag: 
OF ' rs ) I I rAl 
l 79 | \ ig 1700 oF ) n r 12, 1908, spartein sul 
it ( ] ' ] 2 l nu 25 
& P . eT | t of ] Y i } } ) % 
Ma r t 2100 o Spal 1 suly e 0.025 go sub 
it 0.2 . 1 April 24, 1909 
Weig 280 
futopsy The s definite, well-marked edema of the subcutar s tissue 
nd the serotun ] toneum contains 115 c.c. of fluid with a specific gravity 
e 1018 Liver . 102 on ppears Vv large Its surface is mottled 
. 
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color, being dark red, checkered over with a tracery oft lighter grayish red areas 
corresponding apparently to lobules and giving the appearance of a nutmeg liver. 
Pleural cavities are filled with fluid. Heart, right ventricle is of normal con 


sistence, as is the right auricle. The left auricle is distinctly thickened, feels 





firmer than right. rhe left ventricle from a point a little below the 
auriculo-ventricular groove almost down to the apex feels dense, the wall is 
thickened and is paler in color than other parts of the heart. Dungs, reddish 
pink, exuding a considerable amount of frothy serum from the cut surface 
PROTOCOL 266.—Rabbit. December 7, 1909, spartein sulphate 0.025 gm. intra 
venously, adrenalin chlorid 0.2 ¢.c. intravenously. December 9, spartein sulphate 


0.025 gm., adrenalin chlorid 0.2 ¢.c., both intravenously December 13. 16, 20, 
January 5, same. January 10, spartein sulphate 0.018 gm., adrenalin chlorid 0.2 
e.c., both intravenously January 13, spartein sulphate 0.0125 gm., adrenalin 
chlorid 0.2 ¢.c., both intravenously. Died January 13. Weight 1420 gm 

{utopsy.—No free fluid in the cavities except small amount of muddy fluid 
in the pericardium. Quite firm fibrous adhesions between the two layers of the 
pericardium. Heart appears large, weight, 6.05 gm., surface rough from torn 
adhesions. Kidneys, weight, 9.55 gm., on section show a narrow whitish cortex 
with prominent glomeruli, while the medulla is of a dark brownish color. 

ProtrocoL 273.—Rabbit December 24, 1909, spartein sulphate 0.025 gm 
subcutaneously, adrenalin chlorid 0.2 ¢.c. intravenously Died December 24 
Weight 2170 gm. 

{utopsy.—No free fluid in the cavities of organs injected Heart, weight 





7.5 gm. Kidneys, weight 13.3 gm. 
PROTOCOL 27 Rabbit December 24, 1909, spartei: ulphate 0.025 gm. sul 
cutaneously, adrenalin chlorid 0.2 ¢.c. intravenously Died in 15 minutes 
{utopsy.—Much free fluid in the abdominal cavity Heart, weight, 8.1 gn 


Kidneys, weight, 13.3 gm. 

Protoco, 280.—Rabbit. January 5, 1910, spartein sulphate 0.03) gm., 
idrenalin chlorid 0.2 c¢.c., both intravenously. January 10, spartein sulphate 
0.018 gm. intravenously. Animal died almost immediately 

{utopsy.—Much free blood-stained fluid in the abdominal, pleural and peri 
cardial cavities. Heart, weight, 7.5 gm. Kidneys, weight, 10.65 gm 


ProTocoL 282.—Rabbit. January 31, 1910, spartein sulphate 0.007 gm., adré 


nalin chlorid 0.1 ¢.c., both intravenous Repeated Feb. 2, 4, 9, 11, 14, 17, 24 
February 28, spartein sulphate 0.008 gm., adrenalin chlorid 0.1 c¢.c., both intra 
venously. February 28, spartein sulphate 0.008 gm., adrenalin chlorid 0.1 e¢.c. 
March 2, spartein sulphate 0.008 gm., adrenalin chlorid 0.1 ce. March 5. spar 
tein sulphate 0.008 gm., adrenalin chlorid 0.1 e. March 7, spartein sulphate 


0.008 gm., adrenalin chlorid 0.1 ¢.c. March 9, spartein sulphate 0.008 gm., adrena 
lin chlorid 0.1 ¢.c. March 12, spartein sulphate 0.008 gm., adrenalin chlorid 0.1 


e.c. Same on March 14, all injections intravenously. Died on March 14 
{utopsy.—Slight amount of bloody fluid in abdominal, pleural and pericardial] 

cavities. Heart, weight, 10.1 gm., appears large, left ventricle and auricle very 

firm and thickened, with a large whitish area near the auriculovertricular groove 


in the left ventricle. Kidneys, weight 19.1 gn 





Protocot 283.—Rabbit. Spartein sulphate 0.007 gm., adrenalin chlorid 0.1 
I 

c. Repeated February 2, 4, 9, 11, 24, 28 March 2, spartein sulphate 
0.008 gm., adrenalin chlorid 0.1 c.c ed Mar B, do Oe ta, 24, 1G, ID, Bi 
23, March 28, spartein sulphate 0.02 gm., adrenalin chlorid 0.1 e.c Repeated 
Mareh 31. April 2, spartein sulphate 0.025 om., lrenalin el rid 0.165 ex 
tepeated Apri , 6, 9, all injections intravenously ied April 
Repeated April 4, 6, 9, all inject Died April 9 

{utopsy Right pleural cavity filled with pus Upper half of right lung 
solidified Pericardium much thickened with adhesions Heart is enlarge 

Prorocot 293 Rabbit March 30, spartein sulphate 0.04 gm., adrenalin 
chlorid 0.2 ¢.c., both intravenously. Killed March 31 

{utopsy.—Slight amount of straw-colored fluid in the abdominal cavity, con 
siderable amount in pleural cavity Pericardial cavity filled with bloody fluid. 
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A MODIFICATION OF WOHLGEMUTH’S METHOD FOR 
THE QUANTITATIVE STUDY OF THE ACTIVITY 
OF THE PANCREATIC FUNCTION * 
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P. B. HAWK, PH.D 


URBANA ILI 


The method suggested by Wohlgemuth' for the quantitative dei 
mination of fecal amylase does not vit ld dependable data when stools of 
a pronounced acid reaction are under examination. The principle of 
Wohlgemuth’s method is the extraction of a weighed portion of feces 
with 1 per cent. sodium chlorid solution and the determination of the 
amylolytic activit f gradually decreasing volumes of this centrifugated 


} 1 ~ 


extract, by means of a series of tubes in each of which 5 c.c. of 1 per cent. 


soluble starch is used as substrate. After twenty-four hours at 38 C 





these tubes are treated with a solution of iodin and the e tent of digestior 
determine | colorimetrically 
4 ? | 7 
In case t - s do not val n reaction ft inv pronoul id ol 
. ] ] . a | » 
from the norma mits, the above procedure of Wohlgemut s satis- : 
factory for ordinary clinical purposes. However, when the dietary 01 
metabolic régime of the patient Is such as to cause the production of stools 
which are strongly acid in reaction, the sodium chlorid extracts of such : 
stools will possess such a hig! acid concentration as to render the inter- 5 
pretation of the fir dings obtained by means of t} is methe l. rather ope! : 
} 
to questior Ilr 1 recent vestig oO! as to tne nfluer r 0 watrteT Hy 
drinking n me on the activity of pancreatic function? I used 


period in wl rge volumes of water were being dailv ingested, whicl i 
gave evidence of an amylolytic activity several times greater than that il 
possessed DV T otner stools exan ined. In searc] ng I in explar ition i 


as to this increased starch-hydrolyzing property, I found the stools 
question to possess a very strong ac | eaction Che question ther cE 
is to tl nterpretation of the amylolytic power of the feces. Was this 


pancreas, or was there a possibility that the acid reaction of the st Ie a 
ntrodi 1 an uncontrolled factor, which vitiated. to a degree. t] 4 
nes op ed means of the met d in ¢ stion ? 
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* From the Lal tory of Phvsiological Chemist: f the Univers of J . | 
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l. Wohl ut Berl lin. Wehnschr 1910, xivii, 92 
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It has been demonstrated t amylase is very susceptible to 
influence of acids. For example, Chittenden and Griswold* have shown 
it the presence OI a trace Oi a iW ac tate the action ¢ the en me, 
whereas an acidity but slightly in excess of that bringing about optimun 
ictivity of the enzyme will « se absolut nhipitior These findings 
were verified by Vernon,* who also demonstrated the inhibitorv influence 
of alkali. Vernon determined that the enzyme was four times as active 
in the presence of 0.004 per cent. hydrochloric acid as in a neutral so 
tion and moreover, that an acid concentration of 0.009 per cent. hvdr 
ore acid entire nhibited the action of t enzym¢ Further tests 
with organic acids such, for example, as lact cid and acetie acid, vi 
similar ndings, being shown, 1n general, that traces of organic acids 
7 tated the action of the enzvm«s whereas ac concentrations t 
slightly in excess of these, caused complete inhibition. The an : 
possessed the optimum activity in the presence of 0.0083 per cent. lact 
wid. As r stimulation of amylase activity, through the proper acid 
oncentration has been der onstri lb se! roe who ilso dete mine | 
t retardil ction alkal 
Bearing in 1 d the facts just cited rega ng the influen 
on the action of amylase, it seemed entirely possib therefore the 
e of the stools in question in this investigation, tl the hydrogen io 
oncentration the feces as passed was sufficient to impart to the sodiun 
chlorid extracts. as prepared in tl Wohlgemuth techr the proper 
hydrogen ion concentration to induce the optimum activity of the an ( 
The hydrogen ion concentration of the sodium chlorid extracts of t 
othe stools examined was evidently not sufficient to cause any appre 
1ugmentation of the enzyme activity above that possessed by the amvlase 
n neutral solutio It is evident, therefore, that only neutralized extracts 
should be examined, if the application of Wohlgemuth’s method is to be 
of any real service to the clinician and in order to eliminate the questior 
of uncertainty in connection with the interpretation of the data obtained 
rom stools possessing a concentration of H or OH ns ir above the 
normal limits 
If we attempt to use indicators to determine the neutrality of th 
fecal extracts, we are at the outset confronted by a serious difficulty 
Under all conditions the extracts possess a brownish cast color. the 
depth of which depends on the quant of pigment present After 
series of testings we can, of rse, bring t extract to the neutral point 
but our testings have been instr ntal in rem ng a rtain amount 
f the fecal extract which has been irried into the indicator paper bi 
ipillary attraction. This method of neutralization also causes the feca 
3. Chittenden and Griswold Am. Chem. Jour 1881, iii, 305 
4. Vernon: Jour. Physiol., 1901-02, xxvii, 174 
5. Schierbeck: Skandin. Arch. f. Physiol., 1892, iii, 344 
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extracts from day to day to assume a variable electrolyte content. This 
fact of itself would introduce an error, inasmuch as Sherman*® and 
collaborators have recently shown that pancreatic amylase is greatly 
influenced by the electrolyte concentration. Still more recent evidence in 
this connection has been furnished by Lisbonne’ and by Gerber.’ A neu- 
tral solution could, of course, be obtained by dialysis, but this manipula 
tion would entail considerable extra labor, and the amylase value of the 


eae 


stools under examination would not be available inside of forty-eight 
hours from the time they were passed. 

The problem was finally solved by the use of a phosphate mixture 
as the extraction medium.'’® This phosphate mixture contains 0.1 m 
dihydrogen sodium phosphate and 0.2 mol disodium hydrogen phosphate 


per liter. This was prepared in a 1 per cent. solution of sodium chlori« 


} 
in order to produce a sufficiently high electrolyte content to insure satis 
factory amylolytic action. By the use of this phosphate mixture as an 


extraction medium, we secure a neutral extract, even though the feces 


should possess a rather higher H or OH ion concentration than is nor 


follows: Unde r the cond tions out ined above, we have a solution of the 


two phosphates that the equil brium constant 


. (TIA 
is approximate! 1al to 1 x 10-7 or to the concentration of th Sous 
on In pure wate! e., the solution is neutral. If we add an acid to this 
solution, then the xeess of hydrogen ion derived from the acid vw ” 
removed accordit to the reactior 
li \ LIA 
and likewise ve add an kali the excess of lrox on © 


removed accord ng t the reaction 


proportions w tend to wnreser Ts¢ I ee ltr condltio \ 1! 
certain limits, 1 n treated with varving amounts of acid or alkali r 

6. Sherman, Kendall and Clark Jour Am. Chem. Soc., 1910, xxxii 1073 
Sherman and Kendal jour. Am. Chem. So 1910, xxxii, LOST 

7. Lisbonne: Compt. rend. Soe. de biol., 1911, Ixx, 132 

8. Gerber Compt. rend. S ! bit S11, Ixx, 391 

Washburn: Jour. Am. Chem. Soc., 1908, xxx, 31; Henderson and Webste1 


jour. Med. Researc! 1907 New Series, } ] Hendersor Am. Jour Physi 
1906. xv. 257 1908, xxi, 1 
10. I am indebted to Professor E. W. Washburn of the University of Illinois 


for suggesting the use of this phosphate mixture for this purpose 
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mixture of Na,HPO, and NaH,PO, inthe proportion 2 to 1, as men 


tioned above, satisfies the condition as outlined f 


, 


neutral solution. 
If the method described in this paper Is foll wed, the electrolyte con 


} ! 


centration of the various fecal extracts will also be verv uniform, the only 
variation being due to any slight variation which may be possessed by the 
different stools under examination. When it is recalled that only 2 gn 

of moist feces are employed, and further that this amount of feces is 
extracted with a 1 per cent. solution of sodium chlorid containing phos- 
phate as already indicated, it is evident that the variation in the electro- 


lyte concentration of different fecal extracts is entirelv neg lwibie, 


In harmony with the above facts I would suggest the following mod 
fication of Wohlgemuth’s method: 
Weigh accurately about 2 gm. of fresh feces into a mortar," add 8 c¢.c. of a 


phosphate-chlorid solution (0.1 mol dihydrogen sodium phosphate and 0.2 mol 
disodium hydrogen phosphate per liter of 1 per cent. sodium chlorid), 2 ¢.c. at 
a time, rubbing the feces mixture to a homogeneous consistency after each addi 
tion of the extraction medium. Permit the mixture to stand at room temperatur 
for a half-hour with frequent stirring. We now have a neutral fecal suspension 
fransfer this suspension to a 15 ec.c. graduated centrifuge tube being sure to 
wash the mortar and pestle carefully with the phosphate-chlorid solution and 
add all washings to tle suspension in the centrifuge tub The suspension is 
now made up to the 15 ¢.c. mark with the phosphate-chlorid solution and cer 
trifugated for a fifteen-minute period, or longer if necessary, to secure satisfac 
tory sedimentation At this point, read and record the height of the sediment 
column. Remove the supernatant liquid by means of a bent pipette, transfer it 
to a 50 ¢.c. volumetric flask and dilute it to the 50 ¢.c. mark with the phosphate 
chlorid solution. Mix the feeal extract thoroughly by shaking and determine its 
amylolytic activity For this purpose a series of six graduated tubes is pr 
pared, containing volumes of the extract ranging from 2.5 ¢.c. to 0.078 ex Eacl 
of the intermediate tubes in this series will thus contain one-half as muc¢ 

fluid as the preceding tube. Now make the contents of each tube 2.5 « by 
means of the phosphate-chlorid solution in order to secure a uniform electrolyte 
coneentration. Introduce 5 ¢.c. of a 1 per cent. soluble starch solution’ and 
three drops of toluol into each tube, thoroughly mix the contents by shaking 
close the tubes by means of st ppers and place them in an incubator at 38 (¢ 

for twenty-four hours. At the end of this time remove the tubes, fill each t 
within half an inch of the top with ice-water, add one drop of tenth-normal 
iodin solution, thoroughly mix the contents and examine the tubes carefull 

with the aid of a strong light. Select the last tube in the series which shows 
entire absence of blue color, thus indicating that the starch has been con pletely 
transformed into dextrin and sugar, and calculate the amylolytic activity on the 
basis of this dilutior In case of indecision between two tubes, add an extra 


] 


drop of the iodin solution and observe them again 


11. Duplicate determinations should be mad 
12. In preparing the 1 per cent. solution, the weighed starch powder shou 


be dissolved in cold distilled water in a casserole and stirred until a homogeneous 
suspension is obtained The mixture should then be heated with constant stir 
ring, until it is clear his ordinarily takes from eight to ten minutes \ 
slightly opaque solution is thus obtained, which should be cook nd made up 


to the proper volume before using 


13. Theoretically we would expect the colors to range from a light vellow t 
a dark blue, with red tubes holding an intermediate position in the series This 
color sequence does often occur, but its occurrence is far from universal Many 
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The amylolytic value, Df, of a given stool, may be expressed in terms 
of 1 cc. of the sediment obtained by centrifugation as above described. 
For example, if it is found that 0.31 ¢.c. of the phosphate-chlorid extract 
e stool acting at 38 C. for twenty-four hours completely transformed 
the starch in 5 ¢.c. of a 1 per cent. starch solution, then we would have the 
following proportion : 

0.31 : 5 (c.c. starch 1 (c.c. extract) : X 
The value of X in this case is 16.1, whi 


extract possesses the power of completely digesting 16.1 c.c. of a 1 per 


means that 1 c.c. of the fecal 


ent. starch solution in twenty-four hours at 38 C. 
Inasmuch as stools vary so greatly as to water content, it is essential 
an accurate comparison of stools that such comparison be made on the 
sis of the solid matter. Supposing, for example, that in the above 
letermination we had 6.2 c.c. of sediment. Since the supernatant fluid 


efore testing its amylolytic value. 


vas removed and made up to 50 ec.c. 
is evident that 1 ¢.c. of this sediment is equivalent to 9 c.c. of extract. 


Therefore, in order to derive the amylolytic value of 1 c.c. of sediment, 

we must multiply the value (16.1) as obtained above for the extract, 

vy 9. This vields 144.9 and enables us to express the activitv as follows: 
Dt 144.9 


©4) 


The above method of calculation is that suggested by Wohlgemuth. In 


f ] f 


ime and facilities permit of the determination of the moisture con 


ast 
tent of the feces, it is much more accurate and satisfactory to place the 
amvlolytic values of the stools on a “gram of dry matter” basis. This 
method of recording the values has been followed in this laboratory in 
onnection with the experiments already mentioned. The amylolyti 
values of the stools are expressed as the number of cubic centimeters of 
1 per cent. starch solution which the amylase content of 1 gram of dr 
feces is capable of digesting. 

! ish to thank Prof. E. W. Washburn and Dr. Paul E. Howe for timely su 
estions and Mr. L. T. Fairhall for carrvine out certain check tests 
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times the first tubes in the series, i. e., those containing the largest quantities of 


the fecal extract. will exhibit a bluish east of color which should not be con 
fused with the starch color reaction When these blue tubes are present, they 
ire generally followed by yellow, red and blue tubes in order, the final blue tube, 
of course, being the regulation starch reaction. Occasionally greenish colors will 
e obtained to the left of the red color It also sometimes happens that it is 


somewhat difficult to determine in which tube to the right of the red color the 
} ? 
l l 


carefully before a 


starch blue color is first detected, unless the tube be examined 
strong light In everv instance, however, when these blue and green colors are 
bserve it is noted that tubes possessing the true dextrin red color are always 
present between these tubes and the tubes possessing the true starch blue color 
It is evident. therefore, that these bluish tints in the tubes to the left of the 
dextrin color cannot be due to the presence of stare] The cause of the blue color 
eaction in the first tubes of the series has not been ascertained as yet. This point 


will be investigat 
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CONGENITAL OBLITERATION OF THE BILE-DUCTS 


P. HOWARD, M.D., ann 8S. B. WOLBACH, M.D 


IOWA CITY, IA BOSTON 


Congenital obliteration of the lucts, though cognized and 


reported with relative frequency in medical ill, we believe, 
a sufficiently rare condition to warrant an additional ical and patho 
ogical report. The history and pathological findings of ll first 

given, and subsequently the incidence, symptomatology. gr and 


microscopical anatomy and pathogenesis wi discussed 


I. REPORT OF CASI 
Patient.—J. M.. age 6 weeks, male, Hebrew, was admitted on March 24, 1910 
to the children’s clinic and subsequently to the servi f Dr. Finley of the Mon 
treal General Hospital. The complaint was “yellov f the skin.” The fol 
lowing history was obtained from the mother 
Family History.—The father was living and well at 42 years; the mother 
was living and well at 35. When 18 years of age, during her first year of mar 


riage, she had a miscarriage at the fourth month One year later a child was 


birth. A third pregnancy did not 


oecur until seven vears later, and the fourth and fifth foll 


born at full term but died three weeks after 


wed in rapid succes 


sion. All of the three latter resulted in full-term, healthy children who are at 
present 10, 8 and 5 years old, respectively As far as she remembered. none of 
them was jaundiced at birth or during infancy 


Personal History This. the sixth preg 


lane was uneventful, the mothe 


1 
being perfectly well during the entire period The birth oceurred at full term 


and was normal The child was fat. healthyv-looking and not noticeably j 


aut 

diced at birth. It was breast-fed for th irst seven davs when it was weaned on 
account of a maternal puerperal infection whi necessitated the mother being 
removed to a hospital on Feb. 16, 1910 i i al diagnosi [ p peral 
infection and pelvic cellulitis was made 
certain that the child was healthy and m 
absence the child was sent by } 
Foundling Hospital 

Present Illness —Through the kindness of Dr. J 4. D. Mason of the Baron 
de Hirsch Institute and Drs. Wylde and Hill of the Foundling Hospital we 
subsequently learned that on February 23, the day of admission to the latter 
institution, and when the baby was two weeks of age. a slight but definite jaun 
dice of the skin and light-colored stools were present: further. th: m March 2 
after a course of calomel, the jaundice became very | 
colored. The child steadily lost in weight. falling fr 

*From the Clinie and Laborato 
hefore the American Association o 
Eleventh Annual Meeting. Chicagé 
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on March 2, the date of its discharge. On March 8 the mother first saw it again 
and noted the deep jaundiced hue to the skin and sclere. About March 14, 
when the baby was five weeks old, the mother first noticed that the urine was 
very dark in color, and that it stained the diapers and everything with which 


it came in contact a deep yellow. The bowels became loose with from four to 


five colorless and offensive stools in the twenty-four hours. At the same time 
vomiting developed From March 2 to the date of admission to the hospital, the 
child had been fed on cow’s milk diluted with equal parts of water. It was 
brought to the children’s clinic on March 24 when a diagnosis of icterus neona- 
torum, due probably to syphilitic hepatitis, was made. It was sent into the 
hospital in the service of Dr. Finley, to whose courtesy we are indebted for sub 


sequent observation and study of the case. 


Physical Examination—tThe patient was a very poorly nourished, male 
Hebrew child six weeks of age. The weight on admission was 7 pounds, 6 ounces 
(3,300 grams Ihe expression was anxious and the child was fretful to a 
degree. There were no snuffles or other luetic stigmata. The skin was deeply 


jaundiced and of a distinct coppery hue that offended the eye. Scattered over 
the skin of the thorax was a fine miliary rash. The sclere were deeply jaun- 
diced. The muscles were small, the bones normal. The anterior fontanelle was 
still widely patent. The lymph-glands were nowhere palpable. 

Respiratory System: There was frequent cough but no dyspnea. The thorax 
was small and of the normal infantile type. No beading of the ribs was found. 
‘The percussion note was resonant throughout. The breath sounds were puerile, 
but the presence of adventitious sounds was impossible to determine owing to 
the constant crying of the child on examination The heart was not enlarged 
and the sounds were clear. The pulse was rapid, small, regular and of normal 


tension. 


The abdomen was full and rounded. The superficial veins were everywhere 
yrominent, especially while the child cried, and there was a slight but definite 
I I : 


anastomosis visible between the lower thoracic and superficial epigastric veins 


on either side 


The liver was considerably enlarged but the surface appeared smooth and the 
edge thin and firm The upper border of the relative hepatic dulness began at 
the fourth rib in the right parasternal line, the fifth rib in the mid-axillary line, 


and extended below the costal border 5 em. and 3.5 em. respectively, making a 


total vertical dulness of 9.5 em 
The edge of the spleen could just be felt at the costal border. 


The urine was deeply bilious, almost porter-colored, and gave the well-marked 


characteristic rings with fuming nitrie acid. The stools were very offensive, 
perfectly colorless and in this and in their peculiar consistency, resembled white 
lead 

Course of D On March 26, 1910 blood count revealed hemoglobin 
50 per cent (Sahli 1 cells 3,910,000; white cells 15.800. The smears stained 
by Wright’s method showed normal red cells with a preponderance of poly 
morphonuclear neutrophils and no pathological cells. A Wassermann reaction 


on this date was reported absent by Dr. R. P. Campbell. Nevertheless, the thera 
peutic test of a course of mercurial inunctions was given without benefit. 

For the first ten days the temperature ranged between 98 and 99.4; the 
pulse between 112 and 136; and the respiration 48 to 60 per minute. From 
April 1 to the day of the child’s death, on April 18, the temperature curve was 
most irregular, ranging between 97 and 101. The pulse grew more frequent, 


namely, 120 to 138 per minute, while the respiration fell to 40 or less per minute. 
; 


The child cried constantly day and night but took its nourishment, consisting 


of modified mi fairly well 

On April 9 it was noted that even with careful regulation of the diet, the 
child was steadily failing. The lungs were apparently clear, though there was 
a frequent hacking cough present The jaundice persisted and did not vary 
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noticeably in intensity in spite of frequent doses of calomel The diarrhea 
abated; the weight fell steadily to 6 pounds, 9 ounces (2,986 grams) on April 14 
On the afternoon of April 18, death occurred suddenly, after the child had 


been under observation for twenty-six days and during the tenth week of life. 


GROSS AND MICROSCOPICAL ANATOMY 


An autopsy was performed by Drs. Wolbach and Baird on April 22, 1910, 
four days after death, owing to the difficulty of communicating with the mother. 
The body, which was 51 cm. in length, was very poorly developed and poorly 
nourished, with marked general jaundice and lividity of the dependent parts. 
Except for the disappearance of rigor mortis there was otherwise no evidence of 
post-mortem decomposition. 

The right pleural cavity showed fresh adhesions between the diaphragm and 
the right lower lobe, on separating which a thick, gelatinous, greenish-yellow, 
fibrinous material was found, small in amount. ‘The left cavity was quite free. 

The lungs were both voluminous and air-containing, except the lower right 
lobe, which presented over its base and posterior surface a nodular appearance, 
due to small, yellow, rounded, soft elevations 4 to 6 mm. in diameter. On sec 
tion of this lobe, its anterior half was found riddled with a series of cavities, 
small, rounded and separated only by thin, smooth walls and containing a thick, 
gelatinous, greenish-yellow puriform material. A careful dissection of the bron 
chi showed these cavities to be dilatations of their walls. 


The pericardium was smooth and glistening. The heart weighed 20 gm. and 
appeared slightly enlarged. The endocardium and valves were normal. The 


myocardium was smooth, firm and of good color. 

The peritoneal cavity was smooth and glistening and both parietal and 
visceral surfaces were stained a deep yellow. The mesenteric lymph-nodes were 
slightly enlarged, dark and soft, and yellow in color on section 

The liver was enlarged, its lower border reaching 3 ecm. below the costal mar 
gin. After preservation in Kaiserling, it weighed 370 grams and measured 12.5 
em. transversely, 8.5 cm. anteroposteriorly, and 5 cm. vertically. The weight and 
measurements were no doubt somewhat greater before preservation but unfor 
tunately were not recorded. The surface was smooth except for an occasional 
slight depression. The color was a very dark brownish-green. The shape, rela 
tive size of the lobes and the position of the fissures were normal. The anterior 
edge was sharp, the consistency firmer and slightly tougher than normal. On 
section the cut surfaces were smooth, dark and mottled, due to minute greenish 
black areas separated by a delicate dark red tracery 

The gall-bladder was very small and presented as a bulbous enlargement of 
the cystic duct 1 cm. long and 0.05 em. broad. It could be filled with water 
from a hypodermic syringe, but no fluid escaped from the cystic duct. The ana 
tomical relations of the gall-bladder, hepatic, cystic and common ducts and the 
vessels of the liver were normal. The hepatic, cystic and common ducts consisted 
of fibrous cords in which no lumen could be found either by a probe or by injec 
tion with a hypodermic syringe. 

On opening the duodenum, the papilla of Vater was easily found. No fluid 
could be forced through it by milking the bile passages. A probe passed into 
the papilla entered without resistance into the pancreatic duct. A very careful 
dissection with a probe in the pancreatic duct failed to show any other structure 
entering the duodenum in the neighborhood of the papilla. A similarly cautious 
dissection downward along the cord representing the common duct carried one 
into the head of the pancreas, where the common duct lost itself in the sub 
stance of the pancreas as a number of delicate fibrous strands (Fig. 5 

The spleen weighed 25 gm. (15 gm. is the average weight of the spleen in 
the third month), was smooth, dark red in color and of normal consistency 
On section the surface was dark red and yielded no pulp on scraping j 

The pancreas was normal in appearance and consistency A careful dissection. 
as stated above, showed that its duct opened normally into the duodenum. The 

gastro-intestinal tract was normal throughout. 
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The kidneys weighed 45 gm.:; both were smooth, dark red in color and of 
normal contour The capsules peeled off easily On section the cortices and 
pyramids were normal. The adrenal glands and genital organs were normal. The 


bone marrow appeared normal 

The brain weighed 440 gm. and presented no apparent lesion. The anatom 
ical diagnosis was: congenital obliteration of the bile-passages; rudimentary 
gall-bladder; bronchiectasis (local); fibrinopurulent pleurisy and icterus. 


Vicroscopical Examination.—Sections were stained with Scharlach red, 


Mallory’s connective tissue, phosphotungstic acid hematein and the eosin 
hematoxylin methods 

The heart was quite negative 

A section from the normal-appearing portion of the lung showed moderate 
injection of the alveolar capillaries. The vessels and bronchi were negative. 
Occasional groups of alveoli contained a few polymorphonuclear leukocytes and 
desquamated epithelium. Sections from the right lower lobe were riddled with 
cavities, mostly circular in outline, and containing puriform material and sep 
arated from one another by narrow zones of flattened alveoli filled with exudate. 
In many of these cavities portions of the periphery were bounded by columnar 
epithelium. Some of the small cavities were completely surrounded by cuboidal 
cells, a few of which showed ciliated borders. In most instances the border of 
these cavities was sharply demarcated and occasionally showed a definite line 
suggesting the basement membrane of the bronchus. By the use of Mallory’s 
connective-tissue stain, smooth muscle fibers were occasionally found external 
to the line bounding the cavity, which was further evidence that these cavities 
were bronchiectatic in origin. The contents of the cavities were composed chiefly 
f polymorphonuclear leukocytes and cell detritus. There were numerous phago- 


eytic cells containing nuclear remains and, rarely, red-blood corpuscles. Where 
the boundaries were poorly defined and the adjacent alveoli merged in the puri 
form area, there were occasional compact masses of eosin-stained material filled 
with migrating leukocytes and nuclear fragments, remotely suggestive of caseous 
material. Stains for tubercle bacilli, however, yielded negative results. The 
alveoli between the puriform areas were compressed and many contained pus, a 
few fibrin and a few large, sponge-like, mononuclear cells. All of the bronchi in 


these sections were filled with puriform material The blood-vessels were nega 
tive. The interlobular connective tissues were edematous. 
[he liver was moderately injected. The normal area of the liver columns 


was preserved, but there was a distinct loss of cells and increase in the con 
nective tissue about the hepatic veins and a fairly marked increase about the 
portal spaces rhe liver-cells themselves stained normally. At the centers of 
the anatomical lobules, the bile capillaries were filled with dark brown inspissated 
bile and were often greatly distended or ruptured There were masses of bile 
lying outside the liver columns, some of which were taken up by endothelial 
cells. In most lobules there was a considerable increase of connective tissue in 
the spaces formerly occupied by liver-cells and now containing pigment and 
phagocytic cells rhe cells of the intermediate zone were normal, except for a 


small amount of pale, brown, granular pigment scattered throughout the cyto 
plasm. At the periphery of the lobules there was often an irregular increase of 
the connective tissue extending inward from the portal space between the liver 
columns and sinusoids Many of the portal spaces contained a large number of 
tortuous bile-ducts, empty of bile. The bile capillaries at the periphery of the 
lobules were easily demonstrable, but were also empty Most of the large bile 
ducts in the portal spaces showed no evidence of dilatation and contained a cir 
eular reticulum only; rarely a dilated bile-duct was found filled with inspissated 
bile and lined with flattened epithelium No fat could be demonstrated 

The spleen showed moderate injection. The Malpighian bodies were normal. 
The pulp contained a few large mononuclear cells, phagocytic for red-blood 


corpuscles. 
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The kidneys were markedly injected. The glomeruli were of the normal fetal 
type. The epithelium of the convoluted tubules was swollen and granular 
There was an occasional hyalin cast in the collecting tubules. The adrenals and 
other organs were normal. 

The histological diagnosis was: bronchiectasis of the lower lobe of the right 
lung; hepatic cirrhosis of a mixed type; subacute nephritis. 


If. ETIOLOGY AND SYMPTOMATOLOGY 


Historical Note-—For many years icterus neonatorum was recognized 
before it was realized that a certain smal] percentage of these cases was 
associated with malformations of the biliary tract. From time to time 
isolated examples have been reported of icterus developing at birth or 
shortly afterward, which was found post mortem to be associated with 
stenosis or even complete obliteration of the hepatic, cystic or common 
ducts. John Thomson,’ in 1892, was the first writer to assemble the 
various cases in the literature. He was able to collect forty-nine protocols 
and wrote a classical article which has formed the basis for most of the 
subsequent reviews. In 1901, H. D. Rolleston and L. B. Hayne? added 
nine cases to Thomson’s series, bringing the total to fifty-nine. The last 
important article was published in 1908 by Lavenson,* who abstracted 
sixty-two acceptable cases and added a case of his own. 

We have succeeded in finding thirteen additional cases, which either 
have been overlooked by Lavenson (e. g., Kirmisson and Hebert,* Cat- 
taneo,® Demel,® Bushnell,? Emanuel,* Simmonds,® [two cases], Miller*®) 
or have appeared since his paper (Parkes Weber,’ Peck,’* Petit and 
Merle,’* M. and R. C. Ferrard"*). 

This now brings the total number of cases of congenital obliteration 
of the bile-ducts to seventy-six, inclusive of ours and exclusive of those 
directly associated with syphilis (Rolleston,'® Simonini’*). 

Predisposing Factors—1. Health of Parents: Some minor réle may 
be played by the health of the parents prior or subsequent to conception. 
Thomson found that of ninety-six parents, five had had at one time or 
another, syphilis. In others, again, there was a history of recent severe 
digestive derangement (e. g., Ferrard™*). In our case, while no definite 
history of lues could be elicited, it is noteworthy that during the early 
married life of the mother, there was a miscarriage at the fourth month. 
that the second child, though born at full term, died three weeks after 
birth, and that the third pregnancy did not occur until seven years later. 

2. Condition of Other Children in the Family: Several authors have 
noted a tendency for more than one child of the same parents to have 
icterus, two authors reporting two cases in the same family in association 
with a defect of the bile-passages. Again, another author reported twins, 
both of whom were jaundiced but one recovered so that the condition of 
its bile-passages was not ascertained. 








562 THE {RCHIVES OF INTERNAL MEDICINE 


3. The Character of Labor: This has been for the most part entirely 
normal; at least no history of excessive trauma has been noted in any 
of the series. With Thomson, we admit that trauma or exposure at 
the time of bi 
the ducts. 

4. Premature Birth: This plays no réle, for, though it was found five 


times in Thomson’s series, in all of the five jaundice did not develop 


} 
h) 


th might cause a local peritonitis and so, obliteration of 


until some time subsequently. 

5. Sex: Curiously enough, male infants seem more predisposed than 
female, but in so small a series too much emphasis should not be laid on 
this factor. 

6. Congenital Syphilis: Six, possibly nine of Thomson’s series 
presented evidence of congenital lues at birth or shortly afterward. In 
our case there were no apparent stigmata and the Wassermann reaction 
proved negative. Hence, it is safe to say that in the majority of cases 
there is no sign or suspicion of lues. 

7. Erysipelas: This, which has been suggested by one or two writers 
as a possible predisposing factor, can be dismissed without further 
comment. 

Symptomatology.—1. Onset of Jaundice: The period of the onset 
of jaundice varies considerably. In some cases the icterus is noticed on 
the day of birth, in others not until the child is 2 weeks or more old. 
Naturally, there are many possible sources of error for such discrepancies 
as, for example, the jaundice may be very faint at birth and will only be 
noted when it becomes of a certain intensity. With Rolleston we cannot 
accept Treves’ remarkable case in which the onset of the jaundice did not 
occur until the third year of life and in which a successful operation for 
the relief of the obstruction was performed at the age of 17. As Rolleston 
suggests, the obstruction was in all probability due to calculus or some 
postnatal infection of the duct. At least one must admit that some event 
at birth plays a part in determining the onset of the color. Legg and 
Murchison believe that twelve to forty-eight hours must elapse before 
obstruction of the bile-ducts and the appearance of the jaundice occur. 
“The enormous change which the circulation of the liver undergoes about 
the time of birth constitutes the most probable explanation of the relation 
between the onset of jaundice and that event.” So even if one accepts a 
congenital malformation as the cause for the obliteration of the ducts, one 
can explain the lapse of time between the birth and the period of onset 
of the jaundice by the fact that the cells of the child’s liver which had 
long ceased to secrete bile owing to the permanent blocking of the ducts, 
are stimulated by the sudden change in the circulation to return to their 
natural function of bile production. 

2. Character and Progress of the Jaundice: The icterus is alwavs 


ws 


progressive and sooner or later becomes marked, being of a deep greenisk 
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hue — in our case of that peculiar coppery tint that is actually offensive 
to the eye. Sometimes the degree of jaundice appears to vary from day 
to day and in some cases it becomes paler before death. It is a curious 
fact, however, that even when one duct is pervious, the jaundice may be 
as deep as in a case with complete occlusion. 

3. Urine: The urine is always said-to contain large quantities of bil 
pigments except in one case reported where none was found present. 

4. Meconium: In some cases it was colored and in others quite white 
due, no doubt, to the fact that the occlusion of the ducts occurred at 
different periods of intra-uterine life. In no case was a dark meconium 
followed by normal-colored feces, even if the icterus did not develop until 
much later. Hence one may conclude that the biliary obstruction is 
always considerably advanced at birth. Further, from this it would 
appear that the obliteration of the ducts is not due to an arrested develop 
ment, though there may be a very early obstruction to the lumen of the 
biliary passages. 

5. Stools: The color of the stools will vary with the degree of obstruc 
tion; thus, where the obstruction is not complete the stools may be green 
or brown. Where, however, the obstruction is extensive, the color varies 
from white to cream and in one of the reported cases and in ours, 
resembled white lead. In certain of the cases in which there was found 
post mortem complete obstruction, the stools were noted to have a greenish 
tinge. The possible explanation of this green color is first, a mixture 
of the stool with bile-stained mucus; second, the result of the administra- 
tion of mercury which notoriously produces green-colored stools; and 
third, the influence of microorganisms. 

6. Vomiting: This seems of rare occurrence and was noted in but a 
small percentage of the cases in the literature 18 per cent. in Thom 
son’s series. It was rather a prominent feature in our case, especially in 
the terminal stages. 

7. Hemorrhages: The occurrence of hemorrhages into the skin and 
conjunctive or from the mucous membrane of the nose, gastro-intestinal 
tract, and from the umbilical cord, has been noted in nearly 50 per cent 
of the cases. It was absent in ours. This hemorrhagic tendency is 
similar to that present in all cases of obstructive jaundice in the adult 
and is always a serious omen but not necessarily fatal in its results. The 


1 


. ' } } } : . ] . 
cause of it is obscure but several possible explanations have been advanced : 
} 


First, an impoverishment of the blood, that is, a diminution in the ratio 
of red blood-cells to the fibrin content; second, hemolysis of the red cells 
by the biliary acids circulating in the blood ; third, parenchymatous degen 


eration of the blood-vessels similar to the change that occurs in the glands 
and muscles as a result of the bile acids; and fourth, the presence in the 


1; 


blood of pt mains formed in the process of digestion which the diseased 
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liver is unable to render innocuous. Thomson discards the first three 


possibilities and accepts the fourth as the most plausible. 

8. Emaciation: Contrary to what one might expect, this is not an 
early symptom, which, as Thomson suggests, shows that the presence 
of bile is not very necessary for ordinary digestion. If, however, the 
child lives long enough, emaciation will develop, due to the secondary 
hepatic changes and consequent interference with the proper assimilation 
of fat, and other important functions. 

9. Duration of Life: If one excludes the patient who died from 
umbilical hemorrhage — a not uncommon accident in these cases — the 
majority lived more than one month after birth. One only was still-born; 
eleven lived less than a week; eight lived one to four weeks; and fourteen 
lived from one to four months and sixteen more than four months after 
birth. Our patient, who lived ten weeks, is, therefore, not remarkable 
in the duration of life in spite of the extensive obliteration of the biliary 
tracts. Lavenson found in his series of sixty-two cases that only three 
patients lived longer than eight months — two until the ninth and one 


until the eleventh month. 


III. GROSS AND MICROSCOPICAL ANATOMY 


\scites was pronounced in two of Thomson’: series while peritoneal 


adhesions were found in five others. The liver was generally but not 
always increased in size. One case of an atrophic liver was noted. The 
color was usually dark green and often of a peculiar morocco-leather 
appearance, owing to the dark green color and the finely granular surface. 
The consistency was tough, suggesting the presence of an increased 
amount of fibrous tissue. The portal vein and vessels were normal except 
in four cases which were probably luetic in origin, and in which there was 
obliteration of the portal vein. 

The condition of the bile-passages and gall-bladder can best be 
described under four groups. In the first group there was no passage 
from the liver to the duodenum, though the gall-bladder and cystic duct 
were patent In the second group a passage was present from the liver 
to the duodenum but no cystic duct or anything to represent the gall- 
bladder. In the third group both cystic and hepatic ducts were obliter- 
ated. Our case would be included in this division which is, by far, the 


commonest. In the fourth group there was obliteration at a variable 


point below the juncture of the cystic and hepatic ducts. 

There is a great variety in the secondary changes in the externa 
excretory apparatus and there appears to be no relationship between the 
presence of jaundice at birth and the nature of the malformation. Thus, 


the most severe malformations occurred in cases which lived for several 


months. A dilatation of the canal above the point of obliteration was not 
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nva 1 \ st a 
case!” ) Phe « terated duct may remain as a rous cor entire 

disappeal If the gall-bladder exists, its contents vai rom a pee ul 
thick, svrupy bile to a clear watery fluid. The latter is true if the child 


has lived more than a month. 
In Thomson’s series the spleen was usually found enlarged, as was 


observed in ten of twelve cases in which its condition was note Some 





Fig. | Low-power view showing intralobular and perilobular connective 
tissue increase. The small black areas in one portal space are imspissated bile in 
bile-duets« 

Ilistoloqica lnatomy \ microscopical examination was made n 


but nine of the earlier cases, in all of which, however, a hepatic cirrhosis 
was present, while masses of inspissated bile were noted in the ducts and 
liver-cells. In the more recent cases a more or less complete histologica 
study has been made. The chief point of interest is that at autopsy at 


least. the liver shows a more or less advanced 


cirrhosis of 


with the biliarv cirrhotic features predominating. The detailed picture 


= we liiustrated by our protocol. 











566 THE 1ROHIVES OF INTERNAT VEDICINI 


IV. PATHOGENESIS 


This is one of the moot questions in the literature of this subject. 
Thomson, Rolleston and Lavenson, as representatives of the most distinct 
views, will be most freely quoted by us. As pointed out by Lavenson, 
one can divide the theories advanced into two classes: (1) that which 


onsiders the disease as a primary involvement of the ducts: (II) that 


t 


which considers It as a primary Involvement Of the vel . &., a CIrTHoOsis. 


I. The Theory of a Primary Involvement of the Ducts.—In support 


of the view that the obstruction of the duct is the primarv condition and 


the cirrhosis the result of the ensuing biliary Stasis, Lavenson advances 





Fig. 2 High-power view, showing proliferation of bile-ducts in a portal space 


First, in both adults and children biliary stasis results in the same 
chain of events and the same pathological findings as are present in the 
cases under discussion. 

Secondly, Steinhaus, Pick, Lannaeq, Gerhardt, Beloussow, Harley 
and Tsunoda** have shown experimentally in animals the same changes 
in the liver as are found in cases of biliary stasis in man. 

Under this head the possibilities to be considered are: (1) an anomaly 
of development; (2) organization of a non-specific inflammation either 


within or without the ducts; (3) syphilis 
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showing ce 


Medium-power view of one anatomical lobule 


Fig. 3 
of connective tissue and distended bile capillaries 


unti! several days after to circulatory 


birth) it was due 
occurred in the liver at birth. 
Weber believes that some ases of conye nital obliteration 


1. The 1 y of Cor Valfor rhis gina 
was supported by ‘I nsol who believer i al ongel il n iT 
mation of the ct which resulted in narrowing e lumen al redis 
pose to a Catal ind so t l ( ng al fina Lust ( n ete 
obstruction the duct This rn. le 7 rhosis ‘ 

el He believed that the obliteration was usua con at an eat 
period ntra-uterine l¢ He poin t the i t il 
jaul ct n several members O 1 fan V suppor! ait S ( neve! li «et ) 
mental theorv and explained the fact that wher e onset of jaundice was 
ne conten Tal us W 1 the ‘ ng « tie ct { ri I I 


ntral inerease 


1 of the rile 


ducts are due to a primary developmental malformation similar to that 


in congenital valvular disease of the heart. But in another 
he writes: “These congenital changes were doubt ess part 
in origin and as usual were unaccompanied by cong 


whi re 1n the body.” 
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ment. Fuss and Bove also “believe that the sence of anv evstie enlarge- a 
nt t assages and the et! N! = ( ) 
ssye s " ra ( té i devel pmenta I Phe er ¢ inges mha 
pe s I 1 Stagnation, analog st the ¢ verimenta =Is b 
Irom const I the common ad bB iso adn no 
poss = primar el : : “CC! ng il 
| 
! 
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o) > . 
4 aes. 
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. 
big } Hig | er view of center of Figure s i . 
ind Insp it n the connective tissue Rupture of the bile capillaries and 
itroy ( s are the probable factors leading to thie rberatior tr the 
: hil 
INspPissiate lit 
| mson s oinal theo was carried st irt I Lavensol 
who believes that the atresia is primary and that the cirrhosis results 
from the biliary stasis. He states that the fibers of Renak (the offshoots 
from the en onie solid cord that buds out of the primitive gut to form , 
ihe liver and hepatie ducts) remain solid instead of developing a lumen 
is they do norma Another possible explanation is a faulty union of 
the two rudimentary portions of the ductus hepaticus and ductus cl] 
. 2 . . » 
chus his receives support in a certain proportion of the cases in which 
t yliteration is found at the point of union of these two portions 
. 
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rbsernece i story of es Thev term this condition fetal angiocholitis 
M. and R. C. Ferrard'* also support this view and make use of the san 
Te ll 

\\ ‘ ! st admit that congenita th epatitis and « led 
( tis Si! te the disease under discussion (e. g., Be tolleston 
and Simoni ) the absence in the latter of the numerous definite stig 
mata oF svqy sal the Wassermann reaction make this theor untenable 

II. The 1 ; 1 Primary Congenital Cirrhosis.—Rolleston m 
rorw : thesis and a nce ns wort the following Tacts 

\ Ph most constant occurrence Cirrhosis in these cases 1 

nial is i! t the rarit of el Osis thre \"¢ lowll 
obstruct 7 t-( cts n later i I I¢ 

B. The size of the r wi resembles the r of biliar 

ertro sis. In adults. on thi er har simple obstructior 
OL the ( issages iuses at first an eniargeme! ( I rand s =f 

( he e size of the spleen in e infant enomenon 1 
el ntere nm the ncomplicated b i! onpst tion of the t 

_ 7 that in some nstances several cases ¢ t Ss re =P Ase 
ha occurred in the same famil 

lo eyX iit thie ( rrence of th } ar’ Osis I if new rl 
child, | writes t t “poisons pass by the b l m the ceenta to the 
etus b ( mb il vein Some of this toxi ood produces ordinat 
portal ¢ mult ular cirrhosis Some of the ood, Owe r, passes 
direct nto t general circulation by means of the ductus venosus, hence 

the vat irt to the iver where t W st up in the small intra 
epat 1le-4 ts a cholangitis and monoiopuilal rrhosis resembiing 
that seen in ert ] Nilary cirrhosis n this wa ot a portal 
md ' rv or w s termed a mixed cirrhosis is produced Chis cholan 
gitis descends t ‘ irger ducts Now. as the bil cts are extremely 
sma at pirti il nflammatorv « anges W on ac t « the sma 7 
ot tl met! Mince a stenosis mu more read than in iat acduit 
lift Ile not i I mpares this descending oblitera e inflammatior 
ot ft ‘ irver ¢ el th ducts with the Drocesses it Wor! l in on I 
tive append : 

Ri stor wimits that against ft s theo! Ss the nanswe rie 
fact that the ns W ‘ cause the cor Lior n tl! ver of the child 
must cir ite mote il it she s i s Ww ¢ ences ¢ ts 
nfluence at er remarks that 1t Is possibie that there are severa 
conditions at sent included under the title “congenital obliteration of 
t! its il | tf some cases al due to constriction of the luet b a 
0 ed nitis an eserve thi tle « congenital obliteration of 
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eniarg ! ct < face ! ns erable el ‘ titis 
( Vi ! this nt he cites f folleston’s text 0 n the 
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sect on « ss yilia obstructior ! ults e spleer g 
Sol ss ! niga! s tin cases where considerable ) ss i} 
of 1 ‘ sts th obst tion of t ver duets, there 1 ea 
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‘ nt ! vas sent, according t Holt ! 0 JOO 
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cases me two weeks | rthert ( tiv 0 the s Is 
rematll } ts 1s ‘ The s rn ¢ Tire ( e! ry ft LEN 
of treatmet S00! turns to a norma I 
a / ‘ hie Te fis | : ndition, a { 1 
presen rt t tigmata in t ( thr story in o1 the 
other parent o real infection, there ma ea great enlargement of 
t] r al S101 iscites, but jJaur s rare and t n sually 
very slight in « ‘, Post mortem. there is nd a great ty ‘ 
t nm ¢ t; ’ the nort el 
} Nept ] This mav exist in . ition with phlebitis of 
tine ( sis a severe and rv fatal form in which hemor ‘ 
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KANSAS CITY, MO 
n castro-intestina it o =: being placed on a 
subjective svmopt i O ‘ omar ma ve the 
=T ( Inet I mut not s Tres vl thie Site I 
ns Mavo savs tha “t stomac! as been cre ted 
seases which it never Ssesst and is received an 
nt for supposititious nalitis that is little credit te 
SS101 These mistake i wen due mainly to funda 
| ns ¢ the Tunction o e stoma ts relation To 
l nad espe | tot =¢ the d restive tract Mista es 
re o n the resu 0 ( ‘ ( imination than a ek 
P1 nged laborator imination and investigation has 
mu harn \ sciel ead dela 
etiological factor in duodenal ulcer is as obscure as that 
Pred Sposing cond tions and contributory ca ses den nd 
th normal function in the duodenum and are of wide 
al and chemical cause ire dependent on the motility 
ind duodenum and on alterations in the pvloroduodenal 
odenal ulcers are found at that point whi receives 
acid chyme as it 1s ejected from the pvlorus he duod- 
s an alkaline reaction, and the forcible mechanical cor 
disagreeable ejecta could do mut t vrreak down a 
ed resistance The control of e pvlorus is extreme 
ST Ph rate o the me oucnow s overned ny the 
thie ejected i d cl I s neutra er ) the il il nit 
secretions. The presence of acid in the pvlorie antrun 
ng of the pylorus, but the presence of this acid content 
mmediately causes thi s to clos e pvloric 
? 1 1 ‘ ri | r’é ( ‘ ! T i! T ( sTonr ie} 
eC] odena ! ! e dependent on 
st iscending tion the en s highe ! 
il Department of t Kansas ( (ieneral Hospita 
Diseases of the Stor 1 Du enun i n a Surgical 
Med. Jour.. 1911. x Uleer of the Duodenum, Jom 
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! i ee ( = ~T t I ~ Oo ( = ‘ { 
( = | suspensiolr vo a the ¢ ( el i eTore © < 0 enal 
t { t sil such suspensions bevon lt is 
the acute spas nal disturbances of motility that the artificial 
| I ‘ ! ! = necessal 
sa ne ma YT Te ry shed using a (,ross a a nal 
\ sa a) ibber ft et ‘ \ 1 sina val] For t S 
fluoros« ic ¢ tion it is necessary to substitute a lead ball for the 
mill ne ¢ (ross rst devise so as to tain an Image by the 
Roertger I The patient swallows ( a ind tube tT passes the 
pvlorus and then the bismuth suspension is poured directly into the duo- 
dey is ire small holes for the exit t fluid, just above the 
sina pa 
Bar ' has quent noted ordinary fluoroscopy that a shadow 
whi separated om the pvlorus persists bevond t pvlorus and 
el ns ninfluences ) the stomach peristalsis There was usual l 
nor shadow but a Violent pe talsis I} } rus opened 
more Treque nd the gastric contents passed more rapid so that th 
stoma empti =¢ na short time erhaps in one ilf hou Wher 
( ! I | s norma stomac Shadow | YCeSS1VE | Staisis 
passing the consideres ignost of duodena er 
Piste nges in the duodenw nd sn ntestines n tue 
to obst tior eun The obst tion oO eum ma ve due 
te nks pr ed by its mesenteric attachments, or to an anchored appen 
dix. or to the weight of a loaded cecum w essens the lumen of the 
eum as it sses over the pelvie brin Lane as been unable to satisfy 
nse rega o e mechanism of this denal distention \t first 
et elt ‘ eac obstructior ! ‘ the intestinal con 
nts I ea refi caus is the yeyunum en tied 
ts ! | ( msidered t distention secondary to the com 
eESSIOT =f n of e third part of the duodenum by the strain 
‘ rte the 1 sente ( the yeyunun Jordat has alwavs been able 
t emonstrate this « dena] distention in Lane’s cases, bv the fluoroscope 
I smuth suspensions. The bismuth would advance normally to th 
t rd portio duodenum but here t ited ind oniv atter four 
ind nit = was the struction seen to relax and eject some bismut 
| ng the t the duodenum was ‘ wtive and ofter ent 
peristalsis was n the walls of the nienur The stomac tself 
em) nor though usually it was dilated and elongated. 
Lane al Jordan report four cases in which they demonstrated the 
distention of e duodenum by the fluoroscope and bismuth Thev fre 
$. Barelay Ar Roentgen Ray. 1010. xv. 174 
5. Lame Surg.. Gynec. and Obst ISL. xii, 222 
th. de in: Surg... Gynec. and Obst INL1. xii, 226; quoted by Lane 
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The patient, just previous to the injection of the bismuth suspension 
through the tube, is placed on the simple apparatus illustrated in Figure 1 
The patient is brought to a horizontal position on the right side, as in } 
| . ) e the suspension is i oduced, so that the duodeno- 
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Fig. | Apparatus for use in fluoroscopy 
jejunal junction will be at the highest point and the duodenum will have 


the position of an upright U. We are accustomed to use this simple : 


apparatus with a Beclere fluoroscopic stand. 
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Phis method of ng the duodenum lends itself to the es n 
of duodenal pathologic conditions, espe n cases In which t s 
a stenosis ol nterterence with the veTistalsis | \\ sua ll 
that a perista Cc wave W n ss 0 i ( s10n ( te ir 

e duodenun rather w t neite a spastic col ictiol il e site ¢ 
the uicel For outlining the ead of the pancreas Ss me ou ¢ I ny 
the duodenum would be quite use is the ismuth-filled du ! 
encircles the head of t pancreas 








Fig. 2 Patient 


n second position on apparatus 


CONCLUSIONS 


] 
| 


We have been able to estimate a mechanical 


diagnosis of duodenal 


ulcer on the following: When a bismuth-and-water suspension is swa 
owed by a fasting patient, it readily passes the pylorus into the duo 
denum (because the acid stomach content is not taken up as when foo 
is offered the stomach, neither is there a closure of pylorus as when a 
food bolus is swallowed). The stomach appears normal after the ingestion 
of a bismuth meal (2 ounces of bismuth oxvychlorid to 13 ounces of por 
ridge of one of the prepared wheat breakfast-foods), but there is a vigorous 


peristalsis and a rapid emptying of the stomach in as short a 


, 


one-half hour and at least in two hours. The duodenum seer 


rish and casts a shadow for a longer interval than usual, but the food 
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AMEBOID MOVEMENTS IN MACROCYTES AND 
MEGALOBLASTS * 


ROGER 8S. MORRIS, M.D., anp WILLIAM 8S. THAYER, M.D. 


ST. LOUIS BALTIMORI 


Since the observations made by one of us" of ameboid movements in 
a megaloblast, the opportunity has presented itself to study the fresh 
blood of five severe anemias. 

In three of the bloods examined by us, ameboid motion was striking 
not only in many of the megaloblasts but also in the macrocytes. The 
absence of ameboid activity in the two remaining cases was probably 
attributable to the almost complete lack of unusually large cells in the 
blood. (For the blood findings, see the accompanying table.) 

Two of the bloods (Cases 1 and 2) were demonstrated to the class 
and the changes described below were observed by practically all of the 
ninety-odd students. In addition, we made prolonged observations on 
each of the bloods. Our specimens were sealed at once with petrolatum 
to prevent drying and to avoid currents in the plasma as far as possible. 

In Case 1, preparations of the blood were studied during a megalo- 
blastic crisis. The megaloblasts were quite numerous and were so 
frequently irregular in outline that they were found without difficulty 
with low magnification (Leitz ocular No. 3, objective No. 3). When 
examined under the oil immersion they often showed a striking change 
in form (Figs. 1-3, 7-10, 13-17, 18-22, 23-34, 51-66, 67-97, 103-105, 
126-138), and at times, though not often, the change was so rapid 
that the successive alterations in shape could not be sketched. The 
phenomenon consists essentially of a change in form due (1) to small, 
often numerous, serrations in the outline of the cell which may later 
be smoothed out or which may develop into a large, prominent projection 
or pseudopod; or (2) to the protrusion of one or more blunt, rounded 
pseudopodia, often large, which may be accentuated by a constriction at 
the base; or (3) to a combination of these appearances at one time in 
the same cell. At times rather deep indentations appeared at one or 
more points on the rim of the cell. Sometimes these nicks appeared to 
be bridged over in part by a delicate, colorless film, showing at times a 
slight wrinkling, as if the coloring-matter were at this point retracting 

*From the Clinical Laboratory the Johns Hopkins University and Hospital. 


1. Thayer, W. S.: The Ameboid Activity of Megaloblasts, THe ARCHIVES 
INT. MEp., 1911, vii, 223. 











All drawings are made from specimens of fresh blood with Leitz ocular No. 3. 
objective 1/12” oil immersion. The drawings are not made to scale. The 
numerals above each sketch denote the number of the sketch; those below, the 
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Figs. ; to 3 (ase 1— Meg raloblast Figs 4 to 6.—Case | Macrocyte. Figs. 


7 to 10.—Case 1—Megaloblast. Fig. 1] Case 1—Macrocyte. Fig. 12.—Case 1 
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from the stroma. Indentations such as these were often obliterated by 
very sudden movements, the colored substance springing back instantane- 
ously and restoring the former contour of the cell or even forming a 
slight protrusion. The appearance at these points suggested somewhat 
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Figs. 119 to 125.—Case 3—Macrocyte. Figs. 128 to 138.—Case 3—Megalo 
blast. Fig. 138.—Case 3—The cell shown in drawings 126 to 137, the following 


morning. 


the appearance of some infected corpuscles in estivo-autumnal malaria 
in which the brassy-colored protoplasm recedes from the colorless out- 
line of the cell. The malarial cells are, however, often deformed and 


obviously degenerated. But these motile elements showed no abnormal 
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change in color or general appearance. No ccll, indeed, with a sugges- 
tion of creration or of the ordinary changes of shape observed in 
poikilocytes showed ameboid motion. 

We have not been able to demonstrate propulsive motion in an 
ameboid cell, which remains practically in the same relative position 
during several hours’ observation. In this respect the ameboid move 
ment of the megaloblast differs from that often seen in the leukocytes 
Indeed, the megaloblast protrudes its pseudopodium, only to retract it 
again. Inclusions or other evidences of phagocytosis in megaloblasts 
have not been seen. 

Examination in Case 2 revealed the identical conditions observed 
in Case 1. Typical megaloblasts are not abundant, but normoblasts and 
intermediates are numerous. It is noteworthy that it is only the large: 
cells (megaloblasts and intermediates) which have shown unquestion 
able changes of form. In normoblasts (Fig. 106) we have not seen 
such alterations, though they have been looked for with considerabl 
patience. Again, in Case 3, ameboid activity was very striking in the 
megaloblasts. Not all megaloblasts, of course, exhibit ameboid activity : 
and this is quite what one would expect from analogy with the leuko 
cytes, some being inactive, others active. 

That it is the large cells which are chiefly concerned in ameboid move 
ments we have just seen. Further evidence in support of this fact is 
furnished by the results obtained in Cases 4 and 5. Here, though the 
reductions in the number of erythrocytes were quite as great or even 


greater than in the preceding cases, the absence of very large red co 


puscles was conspicuous. In Case 5, in fact, no megaloblasts were seer 
at any stage of the disease, and they were scanty in Case 4. In neither 


of these cases was active ameboid motion demonstrable in the red cells 


AMEBOID ACTIVITY IN MACROCYTES 


The observations just recorded confirm the findings previous!’ 


reported. In addition, we have observed exactly the same changes it 


shape in macrocytes (Figs. 4-6, 35-37, 39-45, 98-102, 108-112, 113-118, 


119-125). The rapidity of change may be quite as great as in the nu 


| 


ated red corpuscles and may present all the variations observed in thi 
latter. There was no discoverable difference in kind or in degree. As in 
the case of the megaloblasts, not all of the macrocytes exhibit ameboid 
movements (Fig. 11). That non-nucleated cells should do so at all seems 
strange. But if the motility of the megaloblasts is in reality ameboid 

and to the writers there appears to be no other explanation—then there 
can be no doubt that certain macrocytes, too, are possessed of it. Numer- 
ous ameboid macrocytes were observed in the blood of Cases 1, 2 and 3. 
\ single, sluggish, rather small macrocyte was found in Case 5 in the 
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examination o! many specimens, this cell appearing at the time or the 
blood crisis. 

To determine the effect of temperature, specimens were examined 
on the warm stage at body heat. It was impossible to see any difference 


in the ameboid activity of cells studied in this way and those at room 
temperature (about 70 F.). 

Two specimens from Case 1 were allowed to stand over night, the 
one in the incubator at 37 C., the other at room temperature, both sealed, 
as in all instances, with petrolatum. On reexamination, about twenty 
hours after the specimens had been prepared, it was found that the re 
corpuscles were remarkably well preserved, little, if any, laking having 
occurred, though there were crenation in a few cells and endoglobulat 
degenerations in many. The most striking fact noted was that it was 


} 


no longer possible, as it had been when the smears were fresh, to sel 


megaloblasts with low magnification, since nearly all of them were now 
circular or oval in outline and therefore less conspicuous. A sluggis 


; 


almost imperceptible change in form was observed in one megaloblas 
(Figs. 48-50), and in one only, though many megaloblasts and macr 
cytes were watched over considerable periods of time. In Case 3, in 
specimen of blood which had been prepared and sealed at 11 a. n 

megaloblast, actively ameboid, was fixed in the field at about 12:4 
p.m. It remained very active until 4:20 p. m., when the observations 
were temporarily interrupted. The following morning at 10:25, the 


cell was almost round (Fig. 138) and the ameboid activity had entire 


ceased. This megaloblast showed no endoglobular degeneration and nm 
apparent loss in color. Its nucleus, as is the rule in such cells, showed 
practically no change in shape throughout the observations (Figs. 12¢ 
138). In these specimens examined after twenty or more hours, the 
leukocytes also showed a cessation of ameboid activity, though, unlike 
the red corpuscles, they frequently retained their irregular shape 

The cells, both megaloblasts and macrocytes, exhibiting ameboi 
movements were for the most part well colored, many seeming to 
richer in hemoglobin than the average cell. A few, paler than the majo 
ity of the surrounding reds, were seen to change form, but no difference 
was determined in the motion of such cells and those more highly colore: 
No suggestion of crenation was observed in the ameboid cells. That the 
alterations in shape observed were not the result of osmosis is mad 
probable by the absence of shadows or crenated erythrocytes in the neig] 
borhood of those studied, and, further, by the fact that smaller red 
and many which were large remained immobile. 

Many poikilocytes and normocytes were studied. In no case was 
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there the least evidence of change in form while they were under observa 
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tion. (Figs. 12, 14, 21, 38, 46,107). Rolling of the cells was, of course, 
excluded. Currents were practically eliminated by sealing the speci- 
mens. 

It occurred to us that it might be possible to demonstrate proto- 
plasmic currents in the ameboid red cells by means of the so-called vital 
staining methods. It is the young cells which have shown ameboid activ- 
ity and in these cells particularly, as Vaughan? and others have shown, 
the reticulofilamentous substance is demonstrable. The dyes used were 
Unna’s polychrome methylene blue and neutral red in physiologic salt 
solution. Of the bloods possessing ameboid red cells, only that from 
Case 3 was studied in this manner. There was no difficulty in finding 
macrocytes and megaloblasts with well-stained reticula but in none of 
them could we see even a suggestion of ameboid movements, though con- 
trol preparations made at the same time, unstained, contained very active 
ameboid cells. The neutrophilic leukocytes retained their ameboid activ- 
ity well in the vitally stained specimens. Though our experiments with 
vital staining are limited to one case, it seems probable that the staining 
solutions used abolish the ameboid movements of red cells. This is all 
the more likely, since there is no description in literature of active move- 
ments of the vitally stained particles in erythrocytes, so far as we can 
discover. 

The movements which we have described in macrocytes and megalo- 
blasts were similar to those which were observed in the first case reported, 
but the protrusion and coalescence of small pseudopods were not so strik- 
ingly evident and the similarity of the movements to those of leukocytes 
not so apparent. The megaloblast originally described was a large, pale 
form, apparently a very immature cell, while, as has been said, these 
megaloblasts and macrocytes were all corpuscles of quite the normal 
color. 

As a probable evidence of ameboid activity in megaloblasts, the occa- 
sional irregularity in outline seen in stained blood films may be recalled. 

That ameboid activity in the red corpuscles may have considerable 
biologic significance is made clear by recalling the theories advanced to 
explain leukocytoses. It is not improbable that the “blood crises” are 
due to an active wandering out of the red cells from the marrow, the 
result of some unknown stimulus. Should this prove to be the case, it 
is likely that it will be found to be a departure from the normal, an 
unusual method of responding to increased normal or pathological stim- 
ulus, though for the fetus this may well be physiological. As yet, how- 


ever, we have been unable to study blood from the fetus. 


2. Vaughan, V. C., Jr.: The Appearance and Significance of Certain Granules 
in the Erythrocytes of Man, Jour. Med. Research, 1903, x, 342. 
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The counts given below coincide with the dates of examination. 


CASE 1.—E. D. P., male, aged 41, white, med. No. 26.575, admitted to the 
hospital Nov. 22, 1910. Diagnosis: Pernicious anemia; erysipelas; streptococcus 
septicemia.* 

Dec. 1, 1910: Blood examination: 

Red blood-cells, 900,000. 

Hemoglobin, 20 per cent. 

White blood-cells, 8,100. 


Differential count of 402 cells gave: 


Lymphocytes 25.7 

Large mononuclears and transitionals 4.7% 
Polymorphonuclear neutrophils 59.6% 
Eosinophils 1.2% 
Mastzellen 0.0% 
Myelocytes, neutrophilic 1.29 
Unclassified 4.2% 


In counting the leukocytes, 40 megaloblasts, 36 intermediates, and 24 normo 
blasts were seen. 

The red cells showed marked anisocytosis and poikilocytosis. There were many 
large cells. The stained film revealed polychron atophilia, basophilic granula- 
tion, nuclear particles, and Cabot’s ring bodies in large numbers. Marked signs 
of regeneration were, therefore, present. 


Case 2.—J. S., male, aged 17, colored, med. No. 26,868, admitted Jan. 25, 
1911. Diagnosis: Severe anemia (pernicious?). 
Feb. 21, 1911: Blood examination: 

Red blood-cells, 1,750,000. 

Hemoglobin, 38 per cent. 

White blood-cells, 21,000. 


Differential count of 800 cells gave: 


Lymphocytes . suenekes 24.7% 
Large mononuclears and transitionals 8.7% 
Polymorphonuclear neutrophils 59.0% 
Eosinophils 6.3° 
Mastzellen . 0.7% 
Myelocytes, neutrophilic .. 0.7% 


Nucleated red cells were present in the proportion of 350 to 1,000 white cells, 
normoblasts predominating. There were considerable anisocytosis and poikilocy- 
tosis. Macrocytes were numerous but were not so large as in the preceding case. 
A Romanowsky stain showed much the same changes in the erythrocytes as in 
Case 1, but to a less degree, though the nucleated forms were more common 


Case 3.—T. P. J., male, aged 43, white, med. No. 27,438, admitted May 28, 
1911. Diagnosis: Pernicious anemia. 
June 16, 1911: Blood examination 

ted blood-cells, 1,544,000. 

Hemoglobin, 33 per cent. 

White blood-cells, 3,200. 
Differential count: 


Lymphocytes . 13.0% 
Large mononuclears and transitionals 4.0% 
Polymorphonuclear neutrophils 53.0% 





*The infection occurred about one month after the present study of the blood 
was made. 
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Nucleated reds were present in the proportion of 230 to 1,000 leukocytes. Poi 
kilocytosis and anisocytosis were marked, some of the cells being unusually large. 
The evidences of regeneration of the red cells were striking 

Case 4.—H. M., male, aged 45, white, med. No. 27,336, was admitted May 4. 
1911. Diagnosis: Aplastic pernicious anemia (autopsy 
May 4, 1911: Blood examination 

ted blood-cells, 1,280,000 

Hemoglobin, 20 per cent 

White blood-cells, 1,200 


Differential count of 100 cells 


Lymphocytes 60.0% 
Large mononuclears and transitionals 17.0% 
Polymorphonuclear neutrophils 16.0% 
Eosinophils 0.0% 
Mastzellen 1.0% 
Myelocytes, neutrophilic 3.0% 
Unclassified 3.0% 
Two megaloblasts and one normoblast were found. The blood showed a con 


siderable degree of anisocytosis and poikilocytosis but the absence of many macro 
cytes and, indeed, of any very large ones was striking, the morphology of the 
cells suggesting a severe secondary rather than a primary pernicious anemia 
except for the megaloblasts Aside from the seanty nucleated reds, there wer 
no signs of regeneration in the red ceils. The occurrence of myelocytes and a few 
nucleated red corpuscles indicates a futile attempt at regeneration 


Case 5.—P. H., male, aged 56, white, med. No. 27,337, was admitted May 4 
1911. Diagnosis: Severe secondary (toxic) anemia (7), pernicious anemia (?). 
(The patient was employed in a dye factory and it is possible that the anemia 
was the result of his occupation; conclusive evidence is not yet at hand 
June 7, 1911: Blood examination 

ted blood-cells, 900,000 

Hemoglobin, 15 per cent 

White blood-cells, 2,400 


Differential count 
Lymphocytes 37.0% 
Large mononuclears and transitionals 3.0% 
Polymorphonuclear neutrophils 57.4% 
Eosinophils 20% 
Mastzellen 0.0% 
Myelocytes, neutrophili 0.2% 
No nucleated reds were found and there were no other evidences of regenera 


tion of the red corpuscles. The absence of large cells is striking. Except for the 
lack of nucleated red cells and the presence of only slight poikilocytosis the blood 
bore a striking resemblance to that of Case 4. On vital staining with polychrome 
methylene blue, very few erythrocytes showed the reticulo-filamentous substances 
After the red count had fallen to 530,000, defibrinated blood was given intra 
venously by Dr. W. L. Moss (who will include the case in a forthcoming report 
and on June 13, 1911, an examination of the blood showed 

ted blood-cells, 1,580,000. 

Hemoglobin, 19 per cent 

White blood-cells, 4,000 

There was now a normoblastic crisis, 143 nucleated red cells per 1,000 whites 
No megaloblasts were found and the intermediates were small. 


1806 Locust Street. St. Louis 106 Cathedral Street, Baltimore 

















THE EFFECT OF SOME HYDROTHERAPEUTIC PRO- 
CEDURES ON THE BLOOD-FLOW IN THE ARM’ 


\. W. HEWLETT, M.D., J. G. VAN ZWALUWENBURG, M.D 
MARK MARSHALL, M.D 


ANN ARBOR, MICH 


INTRODUCTION 


[t is generally agreed that therapeutic baths exercise a profound effect 

the circulation of the blood. The exact « hange s, however, are not full 
nderstood and this lack of knowledge is due to a number of causes. I) 
he first place it is not easy to transfer the results of animal experiments 

to man because the skin vessels in the latter are more active and tl 
temperature regulation more exact. In the second place alterations in 
the distribution of blood in the body, seemingly the most marked circula 
tory effect of baths, are not readily studied in man. The blood-pressure 
gives no definite information as to this distribution because the dilatation 
of one set of vessels may be neutralized by the constriction of another set, 
ind the changes in pulse tracings are extremely difficult to interpret.’ 
On the other hand, the plethysmograph which records the volume changes 
in an extremity and presumably the variations in the contained blood 


has added greatly to our scientific knowledge of the action of hot an 


) } 


cold water on the distribution of blood. Its use, however, is limite 
ecause it 1s necessary to keep the individuals extremely quiet during 
manipulations. 

Considering the difficulties encountered in trving to obtain exact 
data, it is not surprising that frequent contradictions occur in the hydro 
therapeutic literature concerning the effects of baths on the peripheral! 
circulation. For this reason it seemed important to approach the subject 
rom a new direction. We have therefore studied the effect of some repr 
sentative hydrotherapeutic procedures on the blood flow in the arm, using 
1 method recently described.* Many of our results correspond with thos 
ilready obtained by the plethysmograph, but they are of interest becauss 
they are expressed in terms of blood flow. As has been indicated, the uss 

the plethysmograph is limited, as the individual must remain quiet 
luring the observations and because the instrument cannot be taken off 
ind replaced during an experiment. For this reason the reaction after 
1 cold bath and the effect of exercise and friction cannot be studied b 


] 


the plethysmograph, and our ideas concerning these have been deduced 


*From the Department of Internal Medicine, University of Michigar 
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largely from such evidence as the sensations of the patient and the color 


and warmth of the skin. The method which we have used permitted a 
removal and a replacement of the instrument on the arm so that compara- 
tive records before and after treatments could be obtained. We have 
therefore been able to study the effect of exercise, friction and the reaction 
after cold baths. 
EFFECTS OF LOCAL PROCEDURES 

The application of hot or cold water to the arm is one of the simplest 
hydrotherapeutic procedures, and the effect of such applications on the 
local circulation has been studied by various methods. U. Mosso,' Sarah 
Amitin* and others have shown that in genera] the arm shrinks under 
the influence of cold and swells under the influence of heat. A. Mosso* 
has shown that the size of the volume pulse is diminished by local cold 
and increased by local heat, and Balli’s* tachograms show similar changes 
Lommel’ has shown that the rate of propagation of the arterial wave is 


] 
0 


accelerated by cal applications of cold. From these and other observa- 


tions it has become ot nerally acct pted that the arteries and other blood- 


vessels in the extremities contract under the influence of local cold and 


dilate under the influence of local heat, and it has been assumed that the 
local blood-flow is Jessened in the former condition and accelerated in the 
latter. Friedel Pick® has proved this for the legs of dogs bv direct meas 
urements of the venous outflow. 

In order to study the effect of thermic stimuli on the local blood-flow. 
we have modified our method by partially filling the plethysmograph wit! 
water. ‘The temperature of this latter could be varied by passing hot or 
cold water thro oh an encased coil of block tin. Records of the blood- 
flow made at frequent intervals were compared with the temperatures of 
the water surrounding the arm. 

It is well known that the volume of the arm often fluctuates consider- 
ably in the ordinary plethysmograph, and we found similar fluctuations 
in the rates of flow. Inaccuracies of the method undoubtedly accounted 
for many of the minor fluctuations. Others, however, were probably due 
to psychic or other nervous influences which, as Weber® and others have 
shown, exert a powerful influence on the caliber of the peripheral vessels. 
These nervous variations could usually be distinguished from those pro- 
duced by thermic influences on account of their transient and variable 


} 
| 


character. They were most apt to be encountered when the blood-flow 
approximated the normal rate, and tended to diminish when the water 
surrounding the arm was either hot or cold. When both arms wer 
studied, fluctuations were frequently encountered in the arm which was 
placed in an air plethysmograph and was not directly subjected to strong 
thermic stimuli. These observations are comparable to the experiments 


of Friedel Pick, who showed that when the leg of a dog was exposed to 
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hot or cold water the usual vasomotor effects of cutting or stimulating 
the sciatic nerve did not occur. The influence of strong thermic stimuli 
transcended the nervous influences. 

The general qualitative effect of thermic influences on the local blood- 
flow in our experiments was very constant. Whenever definite results 
were obtained, heat always accelerated the local flow and cold always 
diminished it. A typical chart of this class of experiments is shown in 
Figure 1. It will be seen that the original rate of 3.7 c¢.c. of blood-flow 
per 100 c.c. of arm substance per minute when the arm was surrounded 
by water of 24 C. was gradually reduced by the cooling of the water until 
a minimum rate of 1.1 c.c. was obtained when the water temperature had 
fallen to 14.5 C. In all of our experiments a similar fall occurred but we 
were unable to use very low temperatures on account of the pain in the 
arm caused by the cold. On this account, perhaps, we obtained no 
nereased flows at very low temperatures such as would correspond to the 
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Fig. 1.—The effect on the local blood-flow of varying the temperature of the 
water surrounding the arm. Note that for corresponding temperatures the flow 
is more rapid when the temperature is falling than when it is rising. 


swelling of the arm described by U. Mosso or to the relative increase of 
heat elimination described by Robinson and Stiles.*° On this account 
also, perhaps, when the arm was again heated to a neutral temperature 
we obtained no excessive increases in the rate of flow such as one might 
expect from the changes in volume described by U. Mosso, or the changes 
in volume pulse pictured by A. Mosso. As a rule in our experiments the 
rate of flow did not immediately increase when the temperature surround- 
ing the arm was raised, but remained relatively slower than it had been 
for corresponding temperatures when the temperature of the water bath 
was falling. Thus we obtained no records which could be interpreted as 
showing a “paralysis of the vessels” from cold. 

High temperatures invariably produced a most marked acceleration 
of the rate of flow. This developed more suddenly in Figure 1 than in 
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most of our experiments; but there was nearly always a rapid increase in 
the rate of flow at about the time that the temperature of the water 
passed 35 to 38 C. The increases from the original rates to the maxima 
were always very marked, much more so than those which Friedel Pic! 
obtained in dogs. The following figures give the rates per minute per 100 
c.c. of arm substance before and after the application of heat: 3.7 c. 
to 14 cc., 4 cc. to 29 ac., 6 cc. to 22 c.c., 5 cc. to 26 ac., 3 cc. 
to 26 c.c., 4 cc. to 22 cc. 6 ec. to 45 ce. 

When the temperature of the water bath was again reduced after 
reaching temperatures of 42 C. to 50 C., the rate of flow alwavs fell; but 
this fall never occurred promptly and for a given temperature of the arn 
bath the rate of flow was invariably faster than when the temperature 
was rising (Figs. 1, 2 and 3). Similar results published by U. Mosso 
for the volume changes in the arm were interpreted as indicating a vascu- 
lar paralysis, a subject which will be discussed later. . 

Several causes contribute to produce the fluctuations in the rate of 
blood flow which follow the local applications of hot or cold water. It 
s difficult, however, to estimate the exact part played by each. Theo 
retically one may consider: (1) the direct action of heat or cold on th iq 
blood-vesse!s or their local nervous connections; (2) reflexes excited by | 
thermic stimuli and acting on local vessels; (3) reflexes excited bi i 
thermic stimuli and acting on the vessels of the body in general; and 
(4) the effect of cooling or warming the blood. The separation of the 





first two of these or the local effects, from the last two or the genera 
effects, can be accomplished by a simultaneous study of the two arms wher 


only one of these is subjected to external cha 


ges in temperature 
Studies of this character have yielded very contradictory results. 

U. Mosso describes a single experiment in which the arm exposed to hot 

water became swollen while the opposite arm, exposed to an indifferent 


temperature, shrank. Sarah Amitin, 


n similar experiments, found that 
while the arm in hot water became swollen the opposite arm did not 
hange volum She found, however, that when one arm was exposed 


to cold water both shrank. Friedel Pick obtained unilateral effects in 


studying the action of thermic stimuli on the blood flow in the legs of 
dogs. On the other hand, many observers in recent years, notab! 
O. Miiller.! have emphasized the fact that the vessels in the two arms 


tend to act in unison when one is subjected to hot or cold applications 
We have carried out several sets of experiments in which the rates o 


flow in the two arms were compared while one was exposed to hot or cold 





water and the other was in an air plethysmograph, and we are inclined 


l } 


to believe that the contradictory reports published by others may hx 


explained bv variations in the room temperature 
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The first set of these experiments were made during the spring months 
of 1910, in a fairly warm room. During the application of heat to th 
arm, the body as a whole became warm and the individual perspired 
free ly. Figure 2 shows the results obtained in one of the three experi- 
ments performed at this time, all with uniform results. It will be seen 
that the application of heat to the right arm caused an increased blood 
flow in the left arm. In contrast with the right, however, this increas 
in the left took place somewhat later, did not reach the same high point 


and the rate decreased more promptly when the right arm was cooled t 
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Fig. 2—The effect of varying the temperature of the water surrounding on 
arm on the blood-flow in this and in the opposite arm, the room being warm. Thi 
right arm was exposed to the varying temperatures, the left was in an air plethys 
mograph. Note that when heat was applied the blood-flow in the latter rose later 
did not reach the same high point, and fell more promptly. Also that when cold 
was applied the flow in the right arm fell below that in the left. 


a neutral temperature. When the water was still further cooled (below 


25 C.), the rate in the arm exposed to the cold diminished, while it 
remained approximately normal in the other. The marked discrepancy 
between these results and those of U. Mosso and of Sarah Amitin led us 
to repeat this experiment in a cold room, taking care that the individua 
should remain slightly chilly throughout. In Figure 3 it will be see 


that under these conditions the arm directly exposed to the changir 
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temperature showed the customary changes in blood-flow while the oppo- 
site arm showed throughout a slow rate of flow, the maximum increase 
not being over twice the original rate. When the water in the plethysmo- 
graph was cooled, both arms showed an extremely slow and approximately 
equal blood-flow. The different results in these two experiments show 
clearly that the room temperature exercises an important influence on 
the distant vascular reaction when hot or cold water is applied to a 
limited part of the periphery. They also show that the local effects of 
such applications are largely independent of the general effects. O. 
Miiller*' also noticed that the temperature of the room disturbed the 
general effects, but in a somewhat different manner from what we have 
described. He states that when the temperature of the room was consid- 
erably below 20 C., the distant effects of cold were lessened and conve rsely 
when the temperature of the room exceeded 20 degrees the distant effects 


of local heat were lessened. 
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Fig. 3—The effect of varying the temperature of the water surrounding one 
arm on the blood-flow in this and in the opposite arm, the room being chilly. 
The upper curve represents the temperature of the local bath, the middle the 
blood-flow in the arm to which the water of varying temperatures was applied, 
and the lower the blood-flow in the arm contained in the air plethysmograph. 
Note that heat increased the flow in the left arm very markedly while it did not 
greatly affect that in the right arm. At low temperatures both arms showed 
a very slow rate of blood-flow. 


To demonstrate this more clearly a final experiment was performed, 
during which the room temperature and the temperature of the water 
about the arm were varied independently. During the first part of this 
experiment the room was kept at a constant temperature of 22 C. to 24 C., 
while the temperature of the water bath surrounding the left arm was 
raised from 32 C. to 41 C. The blood-flow in the left arm increased 


from an average of 5 c.c. per 100 c.c. of arm substance per minute, to 
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15 c.c., while the blood-flow in the right arm varied but little from the 
original rate of 4 c.c. During the second part of the experiment the 
temperature of the water bath was maintained at 42 C., while the temper- 
ature of the room was reduced from 24 C. to 12 C. In this period the 
blood-flow in the left arm fluctuated in the neighborhood of 16 c.c. 
while the blood-flow in the right arm fell from the neighborhood of 4 c.c. 
to about 2 c.c. During the third period the temperature of the water 
surrounding the left arm continued to be about 42 C. while the temper- 
ature of the room was raised from 12 C. to 30 C. In this period the rate 
of blood-flow in both arms increased. That of the left rose from 17 c.c. 
to 27 c.c.; that of the right from 2 c.c. to 7 ¢.c. During the fourth period 
the room was kept warm and the temperature of the water surrounding 
the left arm was reduced from 42 C. to 14 C. The rate of blood-flow 
in the left arm fell from 27 c.c. to 2 ¢.c., while that in the right arm fell 
from 7 c.c. to 4.c.c. In the final period the temperature of the room was 
again reduced to the chilling point and the rates in both arms fell still 
further, approximating each other at a little over 1 c.c. In this experi- 
ment the blood-flows in the arm exposed to the changing temperatures 
of the water followed these changes rather closely and were but moder- 
ately affected by the room temperature. The blood-flows in the opposite 
arm, on the other hand, depended chiefly on the room temperatures but 
was moderately affected by the changes in the temperature of the water 
surrounding the first arm. 

Our experiments demonstrate that thermic stimuli produce both local 
and general effects on the peripheral blood-vessels. The former are 
shown by the facts that (1) when heat is applied the blood-flow is always 
relatively faster in the arm to which it is applied; (2) when the indi- 
vidual is kept cool or chilly, the rate in the opposite arm may not be 


> 


accelerated; and (3) when cold is applied the blood-flow in the affected 
arm is often less than in the opposite arm. The effect of local appli- 
cations on the blood-vessels of the opposite arm is indicated by the fact 
that the blood-flow in the latter frequently undergoes changes similar to, 
though usually not so great as, those which occur in the arm directly 
treated. 

The factors causing the distant effects of heat and cold will be dis- 
cussed later. Concerning their local action we have two possibilities. 
The first of these would attribute these effects to reflexes originating 
from the heated or cooled skin and acting on the local vessels. While 
it is possible that such reflexes occur, they do not seem to be necessary, 
for Friedel Pick observed characteristic changes in the blood-flow follow- 
ing thermic applications to the legs of dogs even after the sciatic nerves 
were cut. This seemed to indicate that thermic influences mav act 
directly on the local nervous or vascular apparatus. Similar results have 
been obtained by others.’ 
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When the arm is heated excessively, signs may appear which indicate 
a loss of contractile power on the part of the vessels. U. Mosso assumed 
the existence of such a “vascular paralysis” as the result of heating the 
arm, and based his assumption partly on the observation that after a 
thorough heating the vessels do not contract promptly when cold is 
applied. While our observations on the blood-flow confirm his, we ar 
inclined to give them a different interpretation. The temperature to 
which the tissues are exposed is not the same as the temperature of the 
surrounding water bath. When the tissues are thoroughly heated the 
local blood-flow is markedly increased; the deep layers of the skin are 
relatively protected from the cold water bath, and one would not expect 
a sudden contraction following its use. Occasionally, however. the skin 
remains red for hours, even days, after exposures to very hot water 
Furthermore, in several of our experiments the curves obtained after ver 
hot water were peculiar in that only a small amount of blood could ente: 
the arm at a uniform rate. To our minds this indicated that the vascula 
reservoir was diminished, and taken in conjunction with the fact that 
the rate was very fast and the arm red, it seemed to us probable that th 
vessels were dilated to their utmost and did not empty sufficiently between 
determinations to allow the reception of much more blood. This effect 
persisted for some time after the rate began to fall as a result of cold 
applications but ultimately completely disappeared. In such a case, and 
also where the the skin remains abnormally red, one might speak of a 


“vascular paralysis.” 


EFFECT OF GENERAL PROCEDURES 

General hydrotherapeutic treatments are usually initiated by a hot 
procedure, such as an electric cabinet bath, and are usually terminated 
by a cold procedure, such as a cold shower. In some cases cold procedures 
alone are used. Exercise, friction, the mechanical action of douches, and 
the temperature of the room are important accessories. In the present 
study we have aimed to determine the effect of general hot and cold 
procedures on the circulation in the arm. We have also tried to outline 
the part played by some of the above named accessories. Finally, mouth 
temperatures have been taken during many of the experiments for the 
purpose of comparing these with the peripheral blood-flows and with the 
ability of the individuals to react. Prolonged cold and medicated baths 
such as are used in the treatment of fever and of heart disease were not 
studied 

SUMMARY OF EXPERIMENTS 


A number of experiments were carried out, the results of whi are 


shown below in the form of tables. A general discussion follows. Many 


details of the experiments have necessat been omitted from the tables 


: 
: 
; 
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such as, for example, the fluctuations in blood-flow caused by nervous 
uences or by errors in the method employed. Some idea as to the 
extent of these fluctuations may be obtained from Figures 1 to 4. When 
the fluctuations were very marked the figures given in the tables hav 
been starred. When more or less continuous changes in rates occurred, 
especially after hot or cold procedures, the changes have been indicated 

a dash connecting the earlier with the later rates. All temperatures 
ave been expressed in the ce ntigrade scale, and the blood-flows have been 
expressed in terms of the number of centimeters of blood entering 100 e.c. 
of arm substance per minute. The plethysmograph always included the 
and, forearm and lower arm. 

In the first set of experiments, represented in Table 1, the individuals 
vere placed at rest in a bath tub, and the original rates were taken whilk 
he individuals were covered by a light blanket Hot water (41 CC 
to 45 C.) was then run into the tub. This usually covered the lowe 

tremities, the abdomen and parts of the chest and of one arm, leaving 
let] vsmograph outside of the water. The subjects were 
curred. After this 


the water was allowed to run out of the tub and a spray with tap water 


arm in the p 


eft in the hot water until a profuse perspiration « 


inder high pressure and at a temperature of about 15 C. was given with 


out moving the individual or the apparatus. The rates of flow through 
the arm were taken at frequent intervals throughout the experiments. In 
some instances the shower was repeated once or twice, but the results of 


these secondary showers are not charted in this table 


raBLe | Hor Tus Batus FoLtowep By CoLtp Sprays 


Name Room Original Average Rate After Maximum 
emp. Rate Maximum when Spray Mouth 
Rate in Water Temp 
sath Ran Out in Bath 
Hew. 25 ( » be 14.4 14.4 14.5 38.5 ¢ 
Hew. 23 ¢ 20.0 16.0 14 38.4 ( 
Meg. 2514 ( 23 12.4 7.1 3.2 37.9 ¢ 
Alex 1.3* 20.0 13.0 5.4 57.9 
Sti. 24 ( 2.7 18.0 14 4.3 
Gan. . 22 C. 2.2 22.0 10 2.5 
Sch. 21 ¢ 2.0 13.0 6.5 4.0 38.3 ¢ 
Cha. . Be. 2.0 14. 2.2 2.0 38.1 ¢ 
Lot. 23 C, 2.0 11.0 10.1 3.6 


In the experiments shown in Table 2 the same procedures were used 


except that in place of hot water the individual was surrounded by 
numerous blankets which were heated by an enclosed set of incandescent 
lamps. The direct rays from the lights did not reach the skin. The 
“after spray” rates were taken as in the previous set of experiments. The 
le 


individual then took an ordinary cold shower, dried himself and dressed. 


The rates after these procedures are given in the last column 





| 
: 
. 
| 
| 
| 
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PABLE 2 Hor Arr Batus FoLitowep sy CoLtp SPRAYS 


Name Room Origin: Average Rates when After Highest After 
lemp Rates Maximum Blankets Spray Mouth Ordinary 
Rates were Re lemp. Shower 
moved 
Hew. 21 6.5 10.0 6.0 5.0 37.2 ( 7.4 
Hew. 26 ( 5.7 12. 10.0 $.3 37.5 ¢ 4.2 


In Table 3 the individuals were placed at rest in a tub, and 


was given without any preliminary heating. 





raBLe 3.—CoLp Sprays WitHuovut Hot PRocEDURES 
Name Room Rates Be Rates After Rates After 
Temp fore Shower Shower Dressing 
Lot 23. ¢ 1.4 13 1.8 
Lil. 23.5 C. 2.6 1.3 2.5 


‘Two objections may be raised to the results obtained in these « xperl- 
ments. In the first place the arms from which the observations were 
taken were kept continuously in the air plethysmograph and did not come 
in contact with the hot or cold water. In the second place important 


as the exercise 


accessories to a therapeutic treatment were absent, sucl 
1 hes and 


taken during or after the bath and the local friction from dou 
from rubbing with hands or towels. 

" Table 4 shows the results obtained during observations made on 
patients of the psychopathic hospital who were taking baths for thera- 
peutic purposes. We were permitted to make these observations through 
the courtesy of Dr. A. M. Barrett. In these cases rates were taken before 
the electric cabinet bath, after the electric cabinet bath, and finally after 


cold prot edure s whi h consist d of gradually cooled showe rs and dou hes. 


TABLE 4 Evectric CABINET BatTus FoLLowep By CoLp SHOWERS 


Name Average Original After After Highest 
Room Rates Coming Cold Mouth 
remper Out of Proced Temper 
ature E.C. B ures atures 
Smi. 26 ( 6.7 10.0 85 37.5 C. 
Schu 24 ( $.7 11.5 4.5 7.7 C, 
Wood 24 ( 5.3 10.0-6 5.2 37.3 ( 
Per. 24 ( 5.0* 11.0 5.2° I7.5 C. 


In Table 5 are recorded the effect of cold showers as ordinarily taken 
by vigorous young adults. The rates were taken before undressing, after 
undressing and finally directly after drying, the individual being lightly 
covered with a blanket. 


TABLE 5.—CoL_p SHOWERS 


Name Room Tem Dressed Undressed After Mouth Temperatures 

‘ perature Shower Before After 
Hew. 95 C. 6.2 6.7 4.4-5.8 37.0 C. 36.6 C. 
War. 25 C 2.0 2.4 5.9 36.7 C. 37.2 C. 
Hoy 25 ( 2.6 3.8* 4.1 37.0 C, 36.9 C, 
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In these last two sets of observations the apparatus was taken off and 


applied several times. The cold procedures were accompanied by consid- 

erable exercise and were followed by a vigorous rubbing with a towel. 

While it was impossible to obtain as many records in these cases, and 

while the immediate effects of procedures could not be followed, yet they 
: 


represent more accurately the changes which occur in practical bath 


treatments. 
EFFECT OF HOT PROCEDURES 
As hot procedures, the full tub bath, the hot air bath and the electric 


} ] 


cabinet bath were used and these were continued until the individuals 


perspired profusely. During these applications of heat the mouth temper- 
atures invariably rose. During the hot air and the electric cabinet baths, 
the mouth temperatures rose to at least 37.2 C., and usually to 37.5 C 
or 37.7 C. In the full tub baths the individuals were partly covered with 
hot water (41 C. to 43 C.), and the body temperatures usually rose above 
37.8 C. and frequently above 38 C. During these hot procedures the rate 
of blood-flow through the arm invariably increased, never being below 
10 c.c. per 100 c.c. of arm substance per minute, and often exceeding 
20 c.c. These rates were from two to ten times the original rates, but 
this ratio seemed to depend more on the original than on the final rate 
The flow increased, even though the arm itself was not directly exposed 
to high temperatures. While in general the acceleration of flow was 
greater when the mouth temperature was high, there seemed to be no 
strict parallelism between the two. 

When the hot procedures were over and the individuals were exposed 
to ordinary room temperatures, a fall occurred in the rate of blood-flow 


a 


through the arm, usually reaching 70 per cent. or less of the highest 
previous rate. In one patient (Table 1 Cha.), who was quite unaccus- 
tomed to baths, the rate rose during the hot tub bath from 2 e.c. per 
100 c.c. of arm substance per minute to 14 c.c., but it fell to the original 


rate when the hot water was let out « 


f the tub. The body temperature 
at this time was 37.8 C., and we regarded this abrupt fall as pathological. 
The results obtained on the patients of the psychopathic hospital 
(Table 4) showed rather less than the customary accelerations of blood- 
flow after the electric cabinet bath. Two causes contributed to produce 
this result. One was the initial warm temperature of the room, which 
gave these patients relatively rapid rates before entering the cabinet. The 
other was the fact that our apparatus was reapplied after the patients had 
come out of the cabinet, and that during the elapsed time the rates 
probably fell below what they had been in the cabinet. 


EFFECT OF COLD PROCEDURES 
The effect of simple cold procedures following the hot procedures was 


quite uniform in that they always caused a fall in the rate of flow through 
the arm. The extent of this fall varied greatly. In some the cold reduced 
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the flow to less than the original rate while in others the reduction was 
! h less marked, and the flow was left considerably above the original. 
though usually below that produced by heat In a general way, when n 


exercise was taken and no friction was given, the rate of blood-flow was 


more apt to remain above the original rate if the body temperature had 


been much elevated by the preceding heat. In such cases the individuals 


usually took the cold showers with ease and were left warm and exhil 


arated, reactions being obtained without exercise or friction. 


When primary cold procedures were given without exercise and wit 


out iriction, o7 when repeated cold procedures without these were givel 


after hot ones, the rate of flow through the arm was reduced by ea 
shower. This result was obtained both when the arm studied had been 
lirectly exposed to the cold water and when it had been protected b 
being enclosed in the plethysmograpl 

Attempts were made repeatedly to obtain records during the cold 


showers but the results were rather unsatisfactory, partly on account of 


eG 


| and partly because it was dif! 


involuntary movements of the individual 
cult to protect the plethysmograph from the cold spray which caused 
the enclosed air to shrink. We frequently gained the impression, how- 
ever, that the flow during the shower was somewhat slower than it was 


a few minutes later. 


EFFECT Of VARIATIONS IN BODY rTrEMPERATURI 


Warm procedures invariably raised the mouth temperatures to some 
extent. In our experiments this was most marked in those taking hot 
water tub baths which usually raised the temperature to 37.9 C. or over. 
When hot air or electric cabinet baths were used, the rises in temperature 
were less marked but the mouth records often exceeded 37.5 ( The mors 
marked effect of hot water baths is due in part to the high specific heat 
of water but still more to the fact that they prevented evaporation from 
» that the individuals lost 


the portions of the body immersed in water s 
this method of maintaining their normal temperatures. During cold 
procedures the body temperatures were not reduced below the normal 


in a large number of therapeutic treatments studied, but when cold pro 


cedures were given without following the customary rules of hvdrotherap 
it frequently happened that the mouth temperatures fell below 36.7 ¢ 
To what extent do these variations in the body temperature influence 


the blood-flow in the arm and the various phenomena accompanying 


hydrotherapeutic treatments ? The effect of the body temperature is 


aturally a general one and not dependent on the point at which tl 

thermic application is mad It must, therefore, be distinguished from 
the local effect of hot or cold water which usually exceeds the distant 
effects It would seem from experimental evidence that such distant 
effects of hot procedures mav be produced either bv reflexes excited by 
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stimulation of the thermic sense organs in the skin’ ?* or | 


r by changes 
in the temperature of the carotid blood which supplies the brain.** The 
relative importance of these factors in producing the circulatory changes 
of man during the therapeutic use of water has not been carefully studied 
by scientific methods, though recent writers™* have usually assumed that 
distant effects are caused by reflexes arising from the cutaneous thermi 
sense organs and acting on the peripheral vessels by way of the vasomoto 
center. 


Several facts indicate that the pody temperature S a tactor whicl 


annot be neglected in this connection. The ordinary measur 


ures USs¢ d in 


therapeutic institutes for hydrotherapy emphasize the importance of 
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Fig. 4.—The relation between the mouth temperature and the blood-flow in 
the arm during a hot tub bath. Note that the rate rose at the beginning of th« 
bath before the mouth temperature showed a change; also that the rate fell when 
the water ran out while the mouth temperature was still above 38 ¢ 


warm, the cold procedures are short, and individuals not accustomed to 
baths are given preliminary hot procedures. In our experience when the 
body temperature is reduced, cold procedures are apt to leave the indi 
viduals chilly and with a slow peripheral rate of flow. After hot water 
baths, on the other hand, where the body temperature is considerably 
‘levated, cold procedures are borne unusually well, even though the room 
scold. The one exe eption to this rule which we observed (Cha., Table 1) 


vas regarded as a pathological chilling on exposure to a cool room after 


a warm procedure. 


In order to study more accurately the relation between the effect of 


thermic stimuli and the effect of body temperatures, two experiments 
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were performed in which an effort was made to distinguish these factors. 
The experiments were performed in a cool room (18.5 C.); the indi- 
viduals were given hot tub baths, and the body temperatures were raised 
to about 38.4 C. The water was then run out of the tub and the individ- 
uals left exposed to the cool air of the room until the mouth temperatures 
fell to normal. A series of readings were made of the mouth tempera- 
tures and of the rates of flow through the arm. Essentially the same 
rezults were found in both experiments but the more striking of the two 
are shown in Figure 4 

In Figure 4 it will be seen that the original rate of about 6 c.c. fell 
under the influence of a cool room and partial exposure to 4 c.c. The 
individual then undressed and was covered with a light blanket, the rate 
at the end of this being 6.5 c.c. The tub was filled with water of a 
temperature of 41.7 C., and the rate of blood-flow rose almost immedi- 
ately to above 10 c.c. This change occurred before any rise in the mouth 
temperature was recorded. As the body temperature rose, the rate of 
blood-flow took a slightly higher level and finally with the body temper- 
ature of 38 C. the blood-flow reached a high mark of 19 ¢.c. In the other 
experiment this secondary rise of blood-flow did not occur. When the 
water was run out of the tub and the individual was exposed to the cold 
air of the room, the rate of blood-flow fell almost immediately to the 
neighborhood of 6 c.c., although at this time the mouth temperature 
remained above 38 C. A marked fall in blood-flow did not occur until 
the temperature reached 37.3 C., when the rate fell somewhat below the 
original rate. 

In these experiments we have a clear demonstration that the rate of 
blood-flow in the arm which was kept continuously in the air plethysmo- 
graph varied independently of the body temperature. The rate increased 
promptly when the body was covered with hot water and before the body 
temperature was raised and it fell promptly when the water was let out, 
although the body temperature remained high. We believe, however, that 
the experiments also showed a definite effect of the elevation of body 
temperature. From our experience, naked exposures to a room temper- 
ature of 18.5 C. should send down the rate much more than what was 
found seven minutes after the hot bath.** It seems probable that the 
elevated body temperature prevented a still further fall of blood-flow. 
In contrast to these observations we have noted on several occasions that 


when the body temperature was slightly subnormal, exposure to a cool 


room almost immediately reduced the flow to the neighborhood of 1 c.c., 
and the individual became very chilly. We believe that these experiments 
indicate that while the external temperature exercises a more powerful 
effect on the peripheral blood-flow than does the body temperature, the 
effect of the latter should not be neglected. In practical hydrotherapy the 
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slight elevations of temperature caused by the hot procedures, and the 
avoidance of excessive heat losses tend to prevent the excessive constriction 
of the vessels with chilling which are apt to follow exposure to cold air 
or cold water if the body temperature is normal or subnormal. 


THE EFFECT OF EXERCISE AND FRICTION 


We have already stated that in our experiments, cold procedures with- 
out exercise or friction were invariably accompanied by a fall in the rate 
of flow through the periphery (Tables 1, 2 and 3). This occurred even 
though the spray did not last long and even though the subjects felt 
exhilarated and not chilly. Similar results were obtained when the arm 
was taken out of the plethysmograph and directly exposed to the spray. 

In Table 5, however, it will be seen that in two of three individuals 
a primary cold bath was followed by an acceleration in the peripheral rate 
of flow. Similar results were obtained on several occasions at the end of 
long tub experiments when the individual took a final cold shower with 
exercise and rubbing. (See for example the first experiment in Table 2.) 
It would appear from a comparison of our results that when an acceler- 
ation of flow occurs after primary cold procedures, it is due to the exercise 
and friction with which these are accompanied. This was especially 
noticeable in Table 5, War.. who showed the most marked increase of 
flow, was unaccustomed to showers, took a very short one, and exercised 
vigorously. The difference in our results may have been due in part to 
the fact that where the arm was kept continuously in the plethysmograph 
careful drying was not attempted and the rate was held down by the wet 
condition of the skin. Under any circumstances, it is certain that primary 


cold procedures never accelerate the rate of flow through the arm to the 


same extent as do hot procedures. In some cases a moderate acceleration 
is obtained ; in others the rate is not much changed. When, however, the 
cold is given without friction, exercise and drying, the rate of flow invari- 
ably falls as a result of the procedure. 


THE REACTION 

The reaction after cold procedures plays an extremely important part 
in practical hydrotherapy. The patient is said to react well when he feels 
exhilarated and warm and when the skin becomes pink. The absence 
of these — but especially the sense of chilliness — constitutes a failure 
to react. It is not always easy to define a reaction. This is especially 
true when the individual feels exhilarated and warm immediately after 
the cold procedure but becomes chilly on the least exposure or sponta- 
neously within the next half hour or so. The conditions which are used 
to favor reaction are preliminary hot treatments, warm rooms, short cold 
procedures, and the use of exercise and friction. 
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[In our experience, decided failures to react are always associated with 
a slow peripheral rate of flow. This was seen especially in those experi- 
ments where successive sprays were given to individuals who had been 
heated by a hot tub bath. In these cases the chilliness indicative of the 
failure to react always occurred when the blood-flow in the arm had become 
unusually slow. On the other hand, even a fairly typical reaction was not 
necessarily accompanied by a fast rate of blood-flow through the arm. In 
some cases (Table 2) the rate fell after a cold spray and yet the indi- 
viduals 


gave the appearance and had the sensations of fair reactions. In 


such eases the red color of the skin must have been a purely local phenom 


enon and not associated with a dilatation of the deeper vessels. Usually 


he best reactions were seen when the rate of blood-flow did not sink mucl 
below the original rate, and quite frequently it was moderately elevated 
during the reaction. Our experiments seem to dispose finally of the old 
views of Winternitz which have been subjected to a destructive criticism 
by Matthes,* concerning the effect of cold and heat on the blood-flow in 
the arm. Winternitz believed that heat caused a “passive” dilatation of 
the vessels with slowing of the blood-current Numerous physiological 
experiments as well as our observations on man have shown that heat 
markedly accelerates the rate of blood-flow in an extremity. The effect 
of cold, however, is more complicated. It is well recognized that under 
ordinary conditions cold contracts the blood-vessels and lessens the blood- 
flow. When intense cold is applied for some time, as in the case of an 
ice-bag, it causes a redness due to a dilatation of the local capillaries. 
We are unable to say whether this is accompanied by an increased flow 
or not. Furthermore, in the reaction after cold procedures it has been 
assumed that there is dilatation of the blood-vessels, and Winternitz went 
so far as to state that this “active” dilatation, in contradistinction to the 
dilatation caused by heat, is accompanied by an increased flow. Our 
experiments indicate that while the blood-flow may be increased during 
reaction this is never very marked and it is never increased to the same 
extent as it is during hot procedures. 

On the other hand, we frequently obtained the impression that a 
secondary dilatation of the blood-vessels may occur following cold pro- 
cedures independently of the immediate effect of exercise and friction, 
though it was difficult to be certain that this dilatation did not result 
merely from the cessation of the cold stimulus. In one case (Table 5. 
Hew.), however, we had an unusually clear association between the glow of 
a reaction and an increase in the rate of blood-flow. In this experiment 
the original rates of flow varied from 5.5 c.c. to 7.2 cc. Immediately 
after undressing a rate of 6.7 c.c. was obtained, but a cold draft from the 
room in which the cold shower was running caused a momentary chilliness 
with reduction of the rate to 4 c.c. An ordinary cold shower was then 
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taken, following which the individual dried himself, returned to the tub, 
and was loosely covered with a dry blanket. The rates of flow taken 
mn ediately after were 4.8 c.c. and 4.2 ¢c.c., and at this time he still felt 
1 little cold from the water. After the second determination a feeling 

warmth was experienced, and with this the rate of flow increased to 
5.6 ec. and 6 c.c. In this case the feeling of warmth and the increased 
rates were not due to the immediate effect of exercise or friction becaus¢ 
they occurred when the individual was at rest. This glow with normal or 
somewhat increased rate of flow may occur even though the body temper 
iture is subnormal. We were able to demonstrate this repeatedly whe 
old showers with exercise and friction were taken at the end of long tub 
exposures. While it is possible thus to raise the rate by the ordinary cold 
shower in vigorous individuals with subnormal temperatures, and while 
it the time these individuals often feel momentarily exhilarated and 
varm, it was noticed repeatedly that they were at the same time very 
sensitive to chilling influences and that a slight draft would cause a 
chilling sensation with a marked slowing of the rate. It was also noticed 
that when these individuals remained quiet in a room of ordinary temper 
ature the glow was apt to be followed by chillness. It seemed to us there- 
fore that while a momentary reaction may be produced when the body 
temperature is subnormal, such a reaction is apt to be fleeting and fol 
lowed by chillness on slight exposure. 

Our experiments support the general practice in hydrotherapeuti: 
rooms of preventing such heat losses that the body temperature is lowered. 
Even when this is done, some individuals (Table 1, Cha.) may chill when 
exposed to cold air or cold water. The ideal conditions for a reaction 
after cold are attained when exercise and friction are used, the room is 
warm, and the body temperature is not allowed to fall below the normal 


CONCLUSIONS 


1. When hot water is applied to the arm, the local rate may be 


nereased from four to eight times, and when cold is applied the local rate 


may fall to one-half or one-fourth of the original. 
2. These variations are often associated with similar, though less 


narked changes in the blood-flow in the opposite arm. The latter is alse 


nfluenced by the room temperature and the chillness or warmth of the 
individual. 
after exposure to excessively hot water. 

1. General hot procedures cause a marked acceleration in the bloo 
flow through the arm, and general cold procedures without exercise, fri: 


tion or drving de rease the blood-flow in the arm. 


3. A diminution of the contractile power of the vessels may occur 
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5. When exercise, friction and drying are given with cold procedures, 
the slowing may be more or less neutralized and the rate may even be 


} 


raised somewhat above the original. 
6. Acceleration of blood-flow in an arm not directly exposed to the 


hot procedure is due in the main to reflexes excited by thermic stimula- 


tion of the cutaneous sense organs. ‘The rise of body temperature, how- 


ever, tends to prevent an excessive contraction of the peripheral vessels 


1 


when the individual is exposed to cold. 


?. If the body temperature is subnormal an immediate reaction may 
follow cold procedures which are accompanied by friction and exercise, 


] 


but the individual is liable to become chilly later. 


8. Reactions are usually, but not necessarily, accompanied by norma 


or moderately increased rates of flow. 
902 Baldwin Avenue. 
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AN INVESTIGATION OF THE DEPRESSOR ACTION OF 
PITUITARY EXTRACTS * 
CAREY P. McCORD, M.D. 


ANN ARBOR, MICH. 


I. INTRODUCTION 


It is generally conceded that intravenous injections of the extract of 
the infundibular portion of the pituitary gland cause a rise in blood- 
pressure ; that this rise is due,to a peripheral constriction of blood-vessels, 
and that when repeated injections are made, the rise in pressure dimin- 
ishes with each injection until a fall in pressure occurs. This change 
in the effect of repeatedly administered injections of pituitary extracts is 
designated as its “depressor action.” No attempt will be made here to 
cover with detailed references the previous work on this subject, which 
is readily accessible in a recent article by Wiggers.’ 

A brief summary of the commonly accepted interpretation of these 
results seems, however, necessary. In 1899 Schifer and Vincent? sug- 
gested that extracts of the pituitary gland contained two substances, one 
having a pressor, the other a depressor effect, the former inducing a 
constriction of arterioles, the latter a dilatation. After repeated injections 
of the extract of pituitary gland, the pressor substance lost and the 
depressor retained its influence on the blood-vessels, so that the rise in 


pressure was gradually replaced by a fall. A perusal of the work of 


Schifer and his co-workers emphasizes the fact, however, that this must 
be regarded as a plausible explanation rather than, as is commonly 
assumed, a demonstrated fact, for they not only failed to isolate these 
substances chemically,* but they have not excluded the following possi- 
bilities of error, namely, (1) the decreased cardiac output may be 
accountable for the fall of blood-pressure; (2) an increased central 
dilator action develops, overpowering the peripheral constriction; (3) 
lack of proof that the peripheral vessels dilated when the fall of pressure 
occurs; (4) repeated injections can convert the constriction of peripheral 
origin into a dilation. 

The scope of this research was limited to the solution of some of 


these undetermined problems by more direct experimental methods, and 


*From the Research Laboratories of Parke, Davis and Company, Detroit. 
1. Wiggers: Jour. Med. Sc., 1911, exli, No. 4, p. 502. 
2. Schiifer and Vincent: Jour. Phys., 1899, xxiv, 19; Jour. Phys., 1900, 
xxv, 87. 
3. Schiifer and Herring: Phil. Tr., Roy. Soc. London, series B, 1908, excix, 1. 
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other facts regarding this drug’s action were touched on only as necessit\ 
demanded. By this means, it was hoped to throw additional light or 


the nature of the depressor action of pituitary extracts. 


Il. MATERIAL AND METHODS USED 


The infundibular portion of the gland was ground up and dried 


without any preservative. A solution of this material in Locke’s solutior 
was made of such strength, that each c.c. of the solution equaled 0.1 gm 
of fresh gland. This was then heated on a steam bath, so as to precipi 
tate partly the protein material, which was later separated by filtering 
The solution had a specific gravity of 1.010. This preparation deterio1 
ated on standing. When the solution was sterilized, it kept permanent! 


lay was used as a standard o 


This preparation which was made each « 
all the work, and is the one referred to throughout the paper unless 
special designation is made. At times, however, a solution made in thi 
same way, but of greater strength, was used. Pituitrin, the preparation 
which has been described DY Aldrich, was also employed.* 

For these experiments both dogs and rabbits were used, but princi 
pally the former. The anesthetic was uniformly chloretone (0.3 gn 
per kilo of body weight) in oil, injected intraperitoneally. In dogs 
subcutaneous injection of morphin preceded the administration o 
chloretone. ‘The external jugular vein was exposed for injections. The 
blood-pressure was recorded through the carotid artery, by means o 
mercury or Hiirthle’s manometers. ‘The contractions of the dog’s heart 
were recorded by means of the cardiac oncometer. The cardiograph was 
ised in case of the rabbit. In all experiments on dogs the breathing was 
natural. After the insertion of the oncometer the chest was sewed up, 
stitches being taken through the cut intercostals, through the muscles 


, 


of the chest and through the skin. The site of the incision was covered 


vith a mixture of petrolatum and wax, which rendered the thorax ai! 
tight. The respirations were recorded by the transmission of the changes 
n intrathoracic pressure through a thoracic cannula. During the period 
in which the chest was open, artificial respiration was given in the mann 


ommon to laboratories. 


Ill. THE EFFECT OF BLOOD-PRESSURI 


The blood-pressure phenomena arising from the intravenous injectio 
of extracts of the pituitary gland into anesthetized animals are in no 
wise peculiar to this particular work, but correspond to the results 
reported generally. The results from the initial injection, allowin: 
for normal variations, are constant and the tracings typical. Within a 
few seconds of the injection, the blood-pressure rises abruptly a1 


$. Aldrich: Am. Jour. Phys., Proc. Soc., 1908, xxi, 23 
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sharply, the cardiac oscillation increases in size, and the heart-rate is 
slowed. A tracing presenting these results may be designated as 
“typical pituitary curve.” However, a number of variations are observed 
such as instances (1) in which no slowing up occurs, (2) in which, as 
the summit of the pressure height is neared, a slight and often imper- 
ceptible fall in pressure takes place (this fall in pressure is very transient, 
and the increase in pressure is soon resumed and generally reaches a 
point above that prior to the fall), or (3) in which, after a gradual fall a 
second slight increase in pressure occurs (Fig. 1). The second and 
third variations occur very frequently in rabbits but only to a limited 
extent in dogs. 

The rise of pressure persists for a considerable time, but generally 
approaches normal again within ten minutes, and only in exceptional 
cases remains above normal for a period of twenty minutes. The first 
“repeat dose” in dogs is not inactive, as has been shown by Schiifer, for 
other animals. In none of these experiments did a second injection fail 
to produce a sharp rise in pressure. In rabbits, however, a large numbe1 
of second injections were ineffective or caused a fall in pressure. In 
dogs the rise following the second injection is much more gradual, and 
the extent and duration of the rise is not so pronounced as after the 
first injection. This progressive lessening and lagging in the rise in 
pressure may be obtained for four or five injections, after which time 
the substance fails to act or else causes a depressor effect (Fig. 2). 

\ll further experiments were instituted in an attempt to explain 


these blood-pressure variations. 


IV. ACTION ON THE BLOOD-VESSELS 


Peripheral Action.—Since the rise in pressure is mainly attributed 
to a peripheral action on the blood-vessels, an insight into the exact 
nature and extent of this action was attempted by the perfusion method. 
The individual organs were isolated and perfused with a regularly inter- 
rupted stream of Locke’s solution under constant pressure, and heated 
by passage through a condensing tube. The outflow was constantly 


recorded, together with the oscillation of the perfusion pressure. The 


preparation of pituitary extract, already described, was slowly injected 
into the circulating medium with a hypodermic syringe. 
Kidney.—N inety-five injections were made. Of these, eighty-five 


gave an initial constriction of the blood-vessels, while ten injections were 
followed by a dilation. In sixty-five a single vaso-constriction with a 
quick return to normal occurred. In the remaining thirty a secondar) 
action of various kinds was observed. Five injections gave a constriction 
of the blood-vessels followed by a subsequent dilatation; five injections 


constricted the renal vessels permanently; ten of the injections causing 
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a primary constriction of the blood-vessels were followed by a secondary 


constriction; of the injections producing an initial dilatation, seven 


showed a secondary constriction. In ninety-two of the total ninety-five 


] 


experiments (97 per cent.) a constriction took place, and in only three 


(3 per cent.) was there a pure dilatation. 


Repeated injections gave no evidence of fatigue on the part of the 
vessels. As high as twenty injections were made on a single kidney, 
and the response to the drug was as prompt in the last as in the first. 


After the fifth or sixth injection, the amount of constriction was no 


longer constant owing to the edema of the organ. Up to this point, how- 
ever, injections of equal quantities of pituitary extract gave the same 
amount of constriction (within 2 per cent.). Since this is true, it is 

} 


possible tn 


at herein lies a reliable method for the standardization of the 
preparations of this drug. When a series of injections were made with 
doses ranging from 0.3 c.c. up to 2 ¢.c., the amount of constriction was 
not proportional to the amount of the substance injected. For example, 
the constriction that followed an injection of 2 c.c. was not double that 
which followed an injection of 1 c.c. 

Spleen.—The numerous collateral vessels to this organ were tied off 
The capsule was not removed as in the case of the kidneys. A series of 
ten spleens were perfused. Following an introduction of 2 c.c. of 
pituitary extract the splenic vessels showed a constriction with an 
average decrease in outflow up to 60 per cent. and a duration of the 
constriction of about two minutes. 

Liver.—The livers of guinea-pigs were perfused through the portal 
vein. Pituitary extract caused a constriction of the hepatic vessels 
which was not so marked as was obtained with renal vessels but which 
persisted for a greater length of time. 

Coronary Vessels—For perfusing the heart, Ringer’s solution was 
used. The cannula was placed in the descending branch of the left 
coronary artery, the heart being in standstill. The transverse branch of 
the left coronary artery and the right coronary were tied off. When 
dogs’ hearts were perfused by this method, the injection of the pituitary 
extract was always followed by a constriction of the coronary vessels. 
Coronary vessels which responded readily to both adrenalin and pituitrin 
were injected with ergotoxin, which paralyzes the nerve endings or 
myoneural junctions. Subsequent injections with adrewalin elicited no 
constriction, and in some cases even a dilatation occurred, while the 
constrictor action of the pituitrin was even more pronounced than before 
the injection of ergotoxin. It would appear that adrenalin and pituitary 
extract have not a common point of action, and that the muscle fiber 
itself is the point of action for the latter. 
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Lungs ™~ i! obes oO thre ing vo nea-pigs were perfused 
Ihe ve Was inflate throug the bron s and tied off, so that the 
| nflation was maintains thr ghout the experiment Unless this was 
j resorted to, the changes in the vessel wall were not apparent, since the 
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would hot fect the recorain ipparatus After this precaution har 
een taken, It « d be seen that the in jectior 1) tal extract pro- 
duced a constriction of the blo vessels 
Embryont l essels The wdies of unbort DUDS were perfused 
through the thoracic aorta The thoracie ven 
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Fig. 1 \, blood-pressure tracing showing typical effect of pituitary extract 
Bb and ©, variation types 


injected, and the response from each consisted 


1 ain a marked constrict 
of the blood } 


on 

i-vessels 

Limbs. In on experiment the ower limb of a living in ntact 
animal was perfused through the femoral arte he sclatic nerve was 
dissected and the tl ih, exclusive | this nerve was tied off wit } 
andage from the other parts of the bod \ constri n, such as i 
been seen in the other experiments. took place ere on the nye mo 
pituitrin 

Summary These experiments show that the pituitary extract acts 
on all the vessels of the body, and that the action is similar in qualit 
or all parts of the body, though tl 
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n different organs There is no indication that the 
nism becomes fatigued on repeated administration of 
wit repeated administration there may be repeated 
WS lelion Since perfusion experiments failed to 
inge in reaction of the peripheral vessels in any organ 
njections, it seemed that the fall in pressure must be 
£5 me Sollmann and Pilcher n their experiments 
! s action of drugs ive shown that pituitary extract 





t of consecutive injections of equal amounts of pituitary extract 
of rabbit 
atation of the splenic vessels by reason of an action on 
sten By the use of a similar method, it was hoped to 
er the fa n blood-pressure after repeated injections 
wt was due to an increase of this dilator action of the 
systen to a diminution of the peripheral constrictor 
work, dogs not exceeding 12 kilos were used. Artificial 
ven during the first part of the experiment. The 
Pilcher Jour. Pharmacol. Exp. Therap., 1910, i, 571 
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thorax was opened and the heart was placed in an 
the thorax was closed and the vyolume changes 
during natural respiration. The carotid was expos 


blood-pressure. The kidney was rroug!] to the 


small an opening as possible. 


removed and the vein and artery were exposed. car 


The ratt Mass arou 


serve [rom injury the nerves runn ny along ‘ 
artery was clamped off near the aorta and cut \ 

into the renal end. The vein was then ligated and 
the ligature. The fibrous capsule of the ne wa 


The kidney, which was connected wit] 
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Fig. 3.—Perfusion of kidney with nerve supply intact 


pressure; P. P., perfusion pressure (after repeated injecti 


was now injected into the jugular vein. At the tiny 


was highest, the diastolic perfusion pressure supp 


slightly, indicating that a dilatation of the renal vess 


through an effect on the vasomotor center he 
discontinued to prevent the marked edema w 0 
is not removed. Repeated injections of pituitar 
given, until the animal reacted by a fall in press 


the carotid tracing. Th perfusion was then resu 


injection of the pituitary extract into the jugular vei 
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OOCU-Pressure during the first part of this experiment t 
| indicate that the fall in blood pressure is not due to an 


e dilator action of the central nervous system. This is 


stantiated by the fact that the dilatation of the renal | 


Vesst 


after the maximum fall in blood-pressure has been reached, 
s case, the carotid pressure shows no indication of having 
need bh the nervous svsten (Fig. ») 
V. THE EFFECT ON THE HEAR 

t appears that the subsequent fall of blood pressure after 
jections of pituitary extracts is not due to a fatigue of the 
vessels, nor to a heightened influence of the dilator effect of 
nervous system, the influence exerted by the heart on th 


ire was next determined. 


clusions as to the influence of pituitary extract on the heart 
on the results obtained from 249 injections into the living 
s, rabbits) and from the perfusion of eighteen rabbits’ hearts 
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Amplitude: Ninety-four per cent. of injections caused a decrease 
in amplitude; 6 per cent. of injections caused no change in amplitude 
one experiment gave an increase in amplitude. 

Rate: Seventv-five per cent, ol the hearts were slowed; 25 per cel 
of the hearts were not affected; at no time was the rate increased. 

In the living 


animal neither the rate nor the amplitude of the heart- 
heat shows the constancy that is found in the perfused hearts. The 
heart is affected by the pituitary extract through several avenues \ 
vagus influence is exerted and there is a direct action on the heart 
muscle as well. These two factors, with combinations of the two, create 
a complex set of variations in rate and amplitude The scope of this 
paper does not permit of the discussion of these variations of the heart’s 


action per se, but only as they affect the blood-pressure. For the present 


purpose it is sufficient to say that in the greatest number of 


these ‘ xperi 
ments the heart’s rate was moderately slowed early in the drug’s action 


and remained so throughout the experiment. The remaining small pet 





Fig. 5 Cardiograph tracing (above) showing a strengthening of the heart, 


with a fall in carotid pressure (below 


centage of experiments is made up of the total of cases in which the 
rate was not affected, cases in which the rate was increased, and cases 
in which the rate was increased early but later gave way to a slowing 
Similarly, the amplitude of the heart’s action after the administration 
of pituitary extract showed an early gradual depression which was ty pic al. 
The chief variations were a strengthening action occurring early and a 
strengthening action occurring late. ‘These various actions on the heart 
are responsible for the following definite changes in the shape of the 
blood-pressure tracing: 

1. When the amplitude and rate of the heart are gradually decreased 
from the start, as in typical experiments, the changed cardiac output is 

] 


not shown in the blood-pressure tracing, except that the rise of the curve 


less pronounced (Figs. 1 and 4). 


as a whole is 
2. Where the mvograph tracing shows a marked and sudden depres 
sion of the heart, due to the action of pituitary extract, the blood 


pressure shows a notch, occurring as the summit of the pressure height 








duration olf 


3. Wher 


drug, no not 


tion of the 


1. “The 


has peen pa 


OL the blood 


». Cases son 


first a notch 


ening ot Ul 


action, coming 





THE 1RCOHIVES OF INTERNAT VEDICINI 


varying in size and extent in proportion to the extent and 


i) 


the heart’s depression. (Fig. 1 B.) 


1 the heart is strengthened during the early action of the 
tch is seen in the blood-pressure curve, and there is no indica 


! eart’s action. 
] 


strengthening of the heart which occasionally occurs late in 


on after the height of the ‘lood-pressure curve 


ssed and a fall is taking place, shows on the downward liml 


l-pressure tracing as a transient and very temporary increase 


(Fig. 1 ¢ 


times occur in which an early cardiac depression causes 
r hump in the blood-pressure curve, while a later 


strength 


heart’s action produces 


a second notch and hump. Caretu 


‘ 





Fig. 6 4, effect of 2 cc. of pituitary extract mixed with 
drawn from the animal B, effect of 2 ¢.c. alone 
scrutiny of the curves indicates, however, that these depressions in th 
blood-pressure are not the same either in conformation or in time as 
those obtained after repeated doses of pituitary extract. (Compare Fig. 
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the fall in pressure are not synchronous These facts taken together 
exclude the possibility of attributing the real fall in pressure which is 
} 


typical of repeated injections to the cardiac depression 


VI. THE BLOOD 
Blood-pressure tracings, ] lustrating thr effect of repeated inject ons 


of pituitary extract, show a gradation from the sharp, abrupt rise in 


pressure following the first injection, through a number in which th 
rise in pressure gradually becomes less marked and less abrupt, until the 
tracings are reached in which an actual fall of pressure is observed. So 
uniform and constant are these gradations. as the blood becomes more 
saturated with the substance, that a change in the drug brought about 
by the action of the blood itself was looked on as the last possible cause 


for its diminished activity and the fall in pressur To test this possi 


bility. howe ver, severi | 


eX pe riments were pertormed 


EXPERIMENT 1 Sixty e¢.c. of blood were drawn from the femoral artery of a 
dog. This blood was defibrinated and filtered Iwo ¢.c. of pituitrin were mixed 
with the blood, and the mixture was allowed to stand for from twelve to fifteen 


minutes. The blood and pituitrin were then injected into the animal through the 


jugular vein, the blood-pressure being recorded from the carotid artery There 
occurred in every case a fall in pressure, followed by a rise Fig. 6). Both the 
fall and the rise in pressure due to the drug were somewhat masked by the rise 
in pressure due to the increased volume of blood This action took place when 
the blood-pituitrin injection was given, but was much more pronounced if an 
injection of pituitrin alone was given previously As a control, an equal quantity 
of pituitrin in an amount of salt solution equalling that of the blood was injected 
after the injection of the blood-pituitrin The result was a sustained rise in 
blood-pressure 

EXPERIMENT 2.—The femoral artery was exposed and a cannula placed in its 
ramaprofunda. A bandage was placed loosely around the thigh as high up as 
possible. The femoral artery was then clamped off above, and 2 ¢.c. of pituitrin 
were injected into the ramaprofunda The femoral artery was released and the 


bandage drawn tight, so that the return of blood to the rest of the body was 
eut off. In this way, the extract was mixed with arterial blood and distributed 
to the greater part of the limb. At the end of from ten to fifteen minutes the 
bandage was cut and the blood allowed to flow into the general circulation \ 
fall in pressure occurred, together with a slowing of the heart When a limb 
was similarly bandaged, but without pituitrin injection, there was no change in 


pressure when the bandage was released 


EXPERIMENT 3 A limited number of experiments were carried out in which 
the kidneys were perfused with blood Pituitrin was injected into the living 
animal until the blood-pressure fell. The blood was drawn and defibrinated A 


mixture of two parts of blood to one part of salt solution was used both as per 
fusing medium and as the solvent for the pituitary extract In this way the 
specific gravity and viscosity of the perfusing medium and of the material 
injected into the medium were the same, thus excluding any change which might 
be attributed to altered viscosity Kidneys thus perfused showed a dilation of the 


blood-vessels when pituitary extract was injected 


Since this work has been completed, Cushing and Goetsch.’? working 


with the cerebral fluid fron patients with tumor of the hvpophvseal 


7. Cushing and Goetsch Am. Jour. Phys 1910. xxvii, 60 
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region, have obtained blood pressure curves following injections of this 
cerebral fluis . which thev believed to contain the secretion of the pituitary 
These tracings are very similar to the tracings obtained by us 


experiments above, series one and two 


From thes experiments it seems clear that whenever the pituitary 
extract is present in the blood « 


h in sufficient concentration, the 


usual action of the extract > that the substance causes a 


dilatation of the vessels and 


pressure 


CONCLUSIONS 


i. 2 ley r action of pituitary extract 


elicited by repeated 
injections is not due to the fatigue of any peripheral mechanism, nervous 
or muscular. Perfusion experiments indicate that it constricts all the 
hlood-vessels of the body by a direct action on the muscles of the arterioles. 
and often repeated injections show practically no decrease in the con 
strictor reaction 


Organs removed from animals a depressor reaction with 
pituitary extract show on perfusion with t extract in Locke’s solution 


the typical constriction of their vessels 


2. The depression of blood-pressure following numerous injections 
of pituitar xtract is not due to an overbalancing of peripheral con 
striction by a central dilator influence a counteracting dilato, 
influence of central origin is always weak and no more pronounced 


i alter 
repeated than after the initial reaction, and 


on until the fall of 


moreover it does not come 


pressure Is at its lowest. 


3. Sudden depression or slowing of the heart, though occasionally, 
showing as a notch in t he hlood-press rm records, is not the cau 
tvpical drop in pressure obtained after repeated 


} 


inje etions, 


depression is not similar either in conform: 


sion obtained by the latter means, and m: » fs exceptional] 
with a strengthened 


heart. 


!. Experiments indicate that when tl 


} 


e blood becomes 


saturated with pituitary extract, an interaction takes plac 


verts its constricting action on the 


peripheral vessels into 
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OBSERVATIONS ON THE HEMOLYTIC SKIN 
FOR CANCER* 


LOUIS M. WARFIELD, M.D. 


MILWAUKEE, WIS. 


In February, 1910, appeared an article by Elsberg, Neuhof and Geist* 
describing a skin reaction in carcinoma from the subcutaneous injection 
of human red blood-cells. The results which they obtained were s 
remarkable that, were they correct, we should have probably the most 
valuable test yet discovered for the diagnosis of carcinoma. The test, 
in brief, consists in the subcutaneous injection of 5 minims of a 20 per 
cent. suspension of washed human red cells into the flexor surface of the 
forearm of the individual suspected of having cancer. A positive reaction 
consisted in the appearance within six hours of a “somewhat irregular 
oval area with a well-defined margin measuring from 1 by 2 cm. 

3 by 5cm. The margin is often surrounded by a whitish areola. The 
color of the lesion varies from a brownish-red to a maroon with, rarely, 


a bluish tinge. The lesion is distinctly raised from the surrounding skin 


1 


surface. At times this elevation is so slight that careful examination in 
good daylight is necessary to recognize it. . . . When the lesion has 
disappeared, there remains behind a flat yellowish or greenish discolor- 
ation such as is left by any small ecchymosis.” 

Up to the time of publication they had made 684 injections on 432 
patients with the following summarized results: A positive reaction was 
found in 90 per cent. of patients with carcinoma (excepting the very 
advanced). No reaction was observed in 94 per cent. of patients suffering 
from other diseases. A reaction of this nature would undoubtedly be of 
inestimable value in the diagnosis of obscure cases where cancer was 
suspected. 

The source of the corpuscle suspension was described in detail and 
hedged about with numerous restrictions. “Tuberculosis and syphilis 
must be excluded ; the patient must not only be free from any evidence of 
disease, but must not have been recently ill, nor have received any 
must not have had even the slightest operation, and must not ha 
recently had an anesthetic. . . . The blood can, however, be 
from a patient during the early stages of ether anesthesia.’ 
obtained their blood from children in hospital who were to be 
on for hernia. 

*From the Clinical Pathological Laboratory of the Milwaukee County 


Hospital 
1. Elsberg, Neuhof and Geist: Am. Jour. Med. Se., 1910, exxxix, 264 
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It was a very interesting suggestion of Elsberg that hemolysis of 
human red blood-cells be tried not on serum of cancer patients but in 
vivo, the foreign red cells there being bathed in plasma so that any amount, 
however small, would be brought to the part and produce the hemolvsis. 
The suggestion would undoubtedly have proved of great value, had it 
been founded on actual, accurate results with hemolysis in vitro. I shall 
examine the evidence now accumulated in regard to the specificity of the 
hemolysis of human red blood-cells by serum of cancer patients, and then 
I shal! briefly relate the results of personal experiments. 


I. GENERAL REVIEW OF HEMOLYTIC EXPERIMENTS 

Engel,’ and later Mertens,* could not prove the existence of specific 
antibodies (AKrebssubstanzen) in the serums of cancer patients. Fischel* 
found that in about one-half of cases of malignant tumors, the serum had 
an increased hemolytic power compared with serum from normal persons. 
He worked with human serums and red cells of chickens. He showed sim- 
ilar hemolytic power in serums from cases of diabetes, pernicious anemia, 
chronic endocarditis and tuberculosis. Weil.> using human red blood- 
cells, found results absolutely in accord with those of Fischel. The 
reaction is not specific for tumors (cancers). 

Crile,” however, was led to test the blood serum of cancer patients 


against suspensions of normal human red cells, although it was known 


that there was no specific hemolytic reaction. His results were most 
astounding. For example, up to 1908 he had studied 591 cases. Of 
these, 211 serums of normal individuals showed no hemolysis. In 153 
eases of cancer there were 85 per cent. positive hemolytic serums. But 
in 92 per cent. of cases of tuberculosis there was reversed hemolysis, i. e., 
normal serum hemolyzed the corpuscles of the tuberculous patients. This 
work of Crile has not been confirmed ; on the contrary, no one has been 


} 


able to obtain such constant results in hemolysis. 


R. Weil’ states that human serum in various diseases is occasional] 


hemolytic toward the corpuscles of other human individuals. He found 


} 


that extracts of lvmphosarcoma of dogs were not hemolytic for dogs 
corpust les, but necrotic tumors possessed a high hemolvtic power, He 
further showed that in some dogs with necrotic tumors, the serums were 


hemolvti In some degree LO! al dog red corpuse les. Normal dog serum 
is rarely hemolytic. 


2. Engel, ¢ S.: Deutseh. med. Wehnschi 1903, xxix, 897 
3. Mertens, V. E.: Deutsch. med. Wehnschr., 1904, xxx, 208 
4. Fischel, W Berl. klin. Wehnschr., 1908, p. 882 

5. Weil, R.: Jour. Am. Med. Assn., 1908, li, 158. 

6. Crile: Jour. Am, Med. Assn., 1908, li, 2036 

7. Weil, R.: Jour. Med. Research, 1908, xix, 281 
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Ottenberg and Epstein* performed many tests with serums of patients 
on washed red corpuscles of other patients, in an attempt to test the 
value of the hemolytic reaction in cases of cancer. Their experiments 
were performed in groups, every serum being tried in turn on the washed 
red cells of every other number of the group. While they found that the 
serums of subjects with malignant tumors were hemolytic in 76 per cent., 
in all other diseases tried the serums were hemolytic in 50 per cent. 
They say, “as a result of this work, the chief object of which has been to 
determine the value of isohemolytic reactions in diagnosis, we are forced 
to the unsatisfactory conclusion that the method is not at present to be 
relied on for diagnosis.” 

In a further attempt to show the presence of hemolysins in body 
fluids, R. Weil® tested the lytic reactions of ascitic fluids from cases of 
spontaneously cured cancer (Hodenpyl’s case), from other cases of long 
standing, apparently quiescent, cancers and fluids of transudates. H: 
used the red cells of fifty-three persons of whom twelve had cancer. “All 
of the fluids occasionally manifested hemolytic properties, and, in the cast 
of some, this was more general than in others. It was not, however, 
possible to distinguish the cancerous fluids in any way by their mode of 
reaction, despite the fact that the blood serum of cancerous individuals 


; 


hs seneral. heen found bv previ ker SS “e ked 
has, In general, been found by previous workers to possess more market 


hemolytic properties than the normal.” 

The general conclusions reached by all investigators except Crile is 
that there is nothing specific in the hemolysis of normal human red cells 
by the serums or cancerous fluids of patients suffering from cancer. Such 
a reaction is not available as a means of diagnosing cancer, although 


1 necrotic tumors (cancers) do seem to have a 


} 


serums of patients wit 


marked hemolytic power on normal red cells. 


II. PERSONAL OBSERVATIONS 


lhe results of the observations made on seventy-four patients suffering 
from a variety of diseases, including carcinoma, are graphically shown in 
the tables. The last table is a summary of the work. The blood was taken 
from perfectly healthy voung adults, washed in several changes of normal 
salt solution and made up to the desired percentage suspension. 

It seemed Pp ssible that several factors might influence the reaction 


in vivo: (1) The volume of injected 


suspension: (2) the concentration 


of the suspension: and (3) the relation of the subcutaneous tissue to the 


skin, that is. whether the skin was loosely or tightlv adherent to the subcu 
taneous tissues. Several injections of red cells hemolvzed with distilled 
water were made in order to see what appearance would result. as it 


8. Ottenberg and Epstein: THe Arcnuives INT. Mep., 1909, ii $67 
9. Weil, R.: Jour. Med. Research, 1910. xxiii, 85 







































‘0ds ,ar ] puv yory{q,, poespel Apqays wo o'Egxg'T ‘yujd 1qF}4q ‘|BAG OPOL } 91 
mW) QTxg ‘aoeid ysydind ‘uoyesojoosyp yy? uly ZX ‘pesyea Appqays ‘yspyuyd ‘;eag OFLL cl 
hy a gre | ot 
| ujed ON \ 
Wd Oxp ‘jods ,.enlq puv youyq,, [BAG | “Wd CxZ ‘peste | 1 qy3jigy “eAyjysod Aja esc. | gst 
sila , oto e om apyAed ON PORL | Zl 
VIUIPJAY ON BOLL it 
§ 88) ONT] JOds JaAdT ,,enIq PUB yo seen eeese UepIAe ON OSLL | or 
‘WO PXE “yUp * 8 ,oniq pus wo gxzZ “ys}yuyd aoy}Rs P I441I8 } OSL | 6 
. "U0}}0BVe1 AlLIve Udeq | 
eoABY ABT “‘pestei jou ‘aspnaq oF] “Wo gxg jodg tes on PTAX ON | LOOL s 
9 OXF “ALIGAS Poesyes ‘uo BIo0foOos|p Ys|jding md ¢xXg'T ‘jods [BAO posyel yuyd ANQYQaS | ZERL L 
omg , ore ‘*"9900p|Ae ON ADJ SROL 9 
pues pes}ei {|qQBiopysuo0d uoy Bl Ip qs wo x7 1ods [vVAo yuyd PpesTBa ALqQsS ayy | 
WM) Q'PXg'T ‘Bore yard [Bao pPosyus £13 q4]18 ey *“*"s00eplAd J de 
aoUapTAd Ou Ayzayt | 
‘ eeeeceesossoosere adUap|Ad OU Ajazt | s 
yods JO ao; BI0[OdSIp Ystd Wd GxXZ ‘BeIW [BAO Posyes ATLAS ‘ys|yaLY ‘ [VIN 
SINOF] ANOWq-AJUOMT, JOY a nddy | SINO]] XIS Jey euviveddy ON ‘dsoy]| “ON 








m ‘d 
us Bidley pezBt 


uorsuedsns “jued aed 
40Jj uoeiedo poe 


smjujm@ ¢ jJunomwe ‘a 
nh JoyJB qyuOomM aut 


< 






1Oxep 






SASVO NADLXIS [ NOLLVANASUO It @idvi 








ao 








LOS *posTBl 





“sinoy] 


» wuld 4 
4 AQ 38 





2UBIBIddBe aN[q-puB-HoBlq JO UOT}BI0 
sivodd¥ ahiq-puB-yoRlq Jo UOT)EI 
SIO XIS JojJB UOT) BIO[O 






Pe) 






Ip 2[QUlepjsu 











} ' 
)A0GB SY 0 : 0 Se 19910 
eA0q8 sy + 0 | 0 . * osequuy 
IAOQGB BY 0 t 0 14 pouypBidy 





jods naq pol ysy 























} T uv 
10 CXg “jOUsS Pel Gsjumoug J 0 | Iq4IIS 0 
jods Pod YSJUMOoIgG ABln2 ES | 0 0 v0 v0 
{iv q gq | OL 8B gt 
wiede¢ UT MIexe * IL Pojoefuy 
lo 8 "}Ue0 Jod OT Jo sujaym OT pus « aps Suedsnus “jue0 sed oz J ujul OT pue 
My (q) WIBOIOJ BJO] OFUY OM} (B) *! UOTsaedsns 00|q JO sUOq)I0 eAla Meu ‘saved 





SasVJ XIS 





NOLLVAUASHO & Wiadv 
















































| pus) “Bele 
[BAO AVINFIAY “poyyjour Ayyt 8 ‘)jJos ‘posjey 
Pos] ALIGS][S AOA “JO[OO Yuyd ysojzuyBy oy 
LO[OO 1 ‘pospel ALPYALS ‘sal sues ALIMUSIIS 
| FXZ ‘pos Apqais ‘jods I F438 Ato, 
Pos | 
Hews 3 Ayqays “ao UO] VIOLO“ » pol-ysydang 
‘lupua) | 
{yas ods oajdind-ys;yusd | Spek stbht mee | Ue 
‘md PxZ ‘yard yuysySs AsoA | OS}V4 ALJYSS “AOjOO Jo aSuvyo on Ses Oy) , 
mo xe qs[Ueodr) »an 4 . ""BOIU PelOjoos|p YsjuMoIq AjI1C] : eeen S|SOOAWIO SB 
BUYION [ose e eee eee ee eec state eben ten ety, Me MoNg AN | teeeeeseeees MaaueOde 
Pos] Ba 
jods uveid Yysyumoig {qs[s “wd oTx¢g “UOT, BIO[OIS|P YsyuUMOIG yWOAYS WSHVIheql [Boypswouc 
e-YOBIG,, |, vuUg rere Sek ee oe ae oe "ee" * @oTep[Ad ‘*"*"MS}BUINIGs [BoqsaK ‘) 
YsIPpel PQA eae RAP REO STEERS tach os “*** 9oepp,Ae | : Jol “Avon OW TYdAg 
‘pos Tei | z 
‘md ~xZ “jods yspuceIZ 4qy5] yt wqs8 Aa | {dfs Aavypisay, 
JvA0qE By dvIUepfAd spyjod uBy) 
‘Wd gxzZ ‘Jods UMOIq JuyBJ A1aA A[UG aoUeplAe | ws] BVUneYs /Y4tOU0F) 
}BIO[OOS|P YsyuUMoIq WATS YSIP UMOIG BORIS A494 [ree ‘eee sSoy “seen opyrdség 
: 3 UeP{Ad ON . silts bialtad Dahil titi, pjAe On "Sees * *SUBULIOJOP S]yIQWy 
q 48jdeeI3 Apyqayys “yuyuy Atoq [tess sts tees i ee ee oa pe eee ee ree > a ae 
Wd ¢xg ‘jods yujd yup jess tts tee PesO[OOS]P JOU “poses ALAS |e SL BSAOp sequy, 








A-AQUOMT Joy esuvasved 





V SINnO]] XIS Joy souv 





xldy | 








wm "BTL ew 





juyur ¢ Pejyefuy Junoury ‘WaveI0J 






jooful Jo ag Uvvs 





4B] OU ‘pjo s 


SASVO NOUGALANIN re 





LVANUSUO 6 WilMvi 








281P 3q3,[8 A104 


) 














| 


} 








£e},OUep 
yjOUep + 


DATED. 
GUYL 


ger! 


toss 
GlYL 


6Lo! 





ON “dso] 











pot 














P ¥OR[G-qsjnjq Fsvp Ppemoys svaiy [LV « 


suyuyw 
WIBII0J 








ol 

6 

8 

SL L 

LL v 

Isvl g 

CLL tb 

LorL | & 

SIs. | @ 

toLL | IT 
| 

ON ‘dsoy]| ‘ON 





se z ~ a 














UjVIS VNYIp Woods oped Ajjysys Moqs yy |" ******* PEAR SES TOS RTS yods Auv 3B Uses BayqION |" }U90se[BATOD proud, ZOSL 9 

‘yJe] UBq) e10m ‘Buyqjou s10yjo 
1431 ‘UyeIs asnyip ‘u09ead pqs ‘eyed Mogs [TV | ‘Bore yayd 4qays 419A We BqsA soddn uo Ajug |******** JUVOse[BAUOD pyoydAy, PRLL ¢ 
"10]09 W90I7 BUDS SMOYS oUO Joddn JqsA AjUO |********* sd slic col tic liadieaindi dada yods Auv 38 Goes Zuyqjon BAUOD pjloqdéy, LOSL ' 
‘@10Ul OU}4} 330] ‘uses ayed Ayyqsys ty | ***jods AUB 3B Uses AuyqQION }UQISe[VAUOD pyoydAy OGLL £ 





}Jo Joddn Zajyqjon ‘3J9| Jom] UO Gees APD YQATIS 
‘Oa puvs qsjasess Aqays IV Joddn ssoy “}Q3]1 JAMO, UOPBIOPOOSIP Jouysyd | WoyjNOses PeAvlop ‘vyaowmneug 

yq3}4 aoddn uvq) JouPIsTP sour ynq “yqAI]s 
AlMA Joy JoddgQ ‘peysva os jou jBjol Jomo] 














“‘PeqsIva 910M BqF}I Jamo] {OUT ‘seddn §=ysjadeeis 4yss Ava, ‘303}1 JOMOT 
sip AI9A ‘AAUP Jaq es ‘aniq YSsyuMoIq sjods [lV jods wo0ld YSsIpper 3qsyaq “WD Gxp ‘peyauyy | * wzuenguy | ZoO6L I 
_ ine oe puhinidiabdanetinienmeniinetente a —| —|— 
SINOT] ANOY-A}UOMT, Joy suvspeddy SINO}] XIS Jey sxsuviveddy sjsous vig [ON dso) ON 











yy Inoj-4}UeM} PUB X]S 10978 pouy 
> Jad OF JO OM} 5 SLIM JB08U “UW OT ‘Moqgla 1BeU 
yofuy anog ‘OIGL ‘8Z GWABA_ Pesn “OIGL “CZ qorvy_ GoyR) ‘OZ pete ‘ojum Ayijveq Moa poolg 


-mexg mw ‘8 OF: OT peofay }S[AM IveM “UI OT ‘MOQ[® AveU WIBeI0J WQSTI ‘Wg ‘UO;suedsNs ‘ju 
WABI0J 3J0] “UM Gg ‘UOTsUedsnsS ‘jue Jed HZ JO OMY, ‘sUO 






SASVO XIS-—¢ NOLLVAUASHO—'S WIAVL 



































| 
“SUA C UV} JOULIS]P o1OW SMyU;M Hay, ++ + $- | — ++ + | + snopnoseqn)) 
‘UOTPBIO[OOSTP PAMOYS SiNOY 1N0j-4}UeM) JOIZB I[[B | | Upseyuy [VMS ang | 9 
{Surqjoa aye 32] ‘8}0ds pes0joo pemoys mue W4qF1yq + + ++ | ++ + Ti —= | 4 : ‘ss Souepwnsay yoy | ° 
“aM01q | 
puyisip £194 Ou ‘{[vUIs AjUO pemogs [Ty 343);) | 
JOU} Vl S] UPS O10GM ‘S}IM IvAT UALS BUJU BATA + | + + + i-— ] + | + ‘e** SUBEIOJOP SHguy | fL99 «| «OF 
“Oy4s [VUII0N OU} Yo Zujpvy ‘sjods 
IBY UMOIG-Ys}ueeIT YoUTS|P ‘eFIB, PeMmoys [IV + + + + ++) 4++] 4 rif + IAT MIVUINEGH «| OTe CI 
10109 Ys}UIeIT IqSIS payuy 8] + t + | + e | Ast aaa Josey OVUINEGY =| | OFRL 
40109 w9013-qsjamoiq 413 43][8 410A 8] + + | + + | ? ae J0Ad} OL VUIHEYY ces: | tI 
| | cesl 
er z= | -~_ te ie ee | eo | . | 7 
oe ~) - ~~) - -) - =") = Z 
rleleleFilel] ei g 4 & 5 
syivmey e |g ~ 5 S Sis 4 ssousuyd > 3 
7 | £ L L a we | Ln % pans 
ora | gq or # gu Fy 














‘sinoyq Ino0j-Ajqgem} 
pUuUv X]S 10}J8 peu;mMeExe “Mm “B T]T pajoefay ! Uojsuedsns “ua. Jed OF SMyU;M OT pusw ¢ (q) ‘uojsuedsns ‘jue0 sed O7 smyaym OT pus ¢ t)  MaBer0 
Iq3}1 OFUT OM} (q) “WIIBIIOJ Ja] OFT OM} (B) ‘UOTSMadsNS afosNd109 Jo SUOPIEfUT INOg “ZZ Pesu ‘s1ved OJ [[PM ‘o[VUlZ 8))qM AQ)[BeY Bory Poolg 








SASVO XIS—*F NOILVAUGSHO— F WIAVL 









t 'aow0M oO 


' 






uatl saeqj}0 





| 
ds 
































































} Siajel A 














Wd Oxp *} Used jt juyey L094 . 49A}[ S}SOq4I],) et 
Mis UIT FUR] Jaye Ad9A J9Al] Spsoysay) al 
}0d8 Uuaesz a | moldy J0,09 Uy S10yIp BVitlog [8 qa) Il 
tm) $xE Ss BS SUOS8,] ol 
s mo Cx ste Soq BL 6 
is Asd dy we 
NX We aq) , 
1000 Wes som png Ss RWOUpOIR 9 
09 Joysup S to Exz ‘pouyep Ajda uojeqady © 
R eqns t 
Ss *a014q,) | £ 
mo ¢oxg ‘jod ’ Sel PoAULA] Z 
1} puu I 
SINNOTT InoOg-ApUeM,, ON ‘dso]]| “on 
| 
| Inoj-A}UeM) puL xIs 10} OGL 
‘8 tlady um U [tl oun Su ) » dod O7 Suu OT IQA ‘ays 9) UOTBAJosqg stv Uossed omus Woi] poor’ 
S48SVO NAALUIILL L NOLLVAUNSUO L W1dv 
; | ] 
SSOTJepue} mo) EXT yard Ss SUYIOU osyMIO Ss0U0108 s | ouw uy |} SroL 8 
SSvlLLof tu. | | 
Mas BIB pesyel ‘posa-ysyjdind ‘oxg ie | ‘yods posyea A] qa ys ‘yard qsyuMorq pqs] Bljoyud 6ZeL L 
| 
SSoMsapue), PqQAYS “1 Is Ys tdooLd YYAYS Opus) IAs ‘pos, ea Ajiyays Ayao | uses BULWION . (MO]) BmOOItg OZRL | 9 
SSsvivpue} Ou ‘yey ‘pods nIq-pae-y,. lope) ON wo exe ‘jods wy efdand qsyuMo l-of 109}80) SHopnodeqgny Bai ie) OFC 4 
| 
th) EXT ‘ssvldepuie) I ‘yey Jopue) ApgQays ‘jyods ystamoa MAIS | djq snopnosoquy, POOL i 
| 
md exe ‘yey ‘dopue, Apyays ‘ods uaMmoaq-ysy }UIIS8] BAUOD qd ay, OFDL £ 
uMO’Ig “paju " IU ostie} IA0Q8 8B Z18 | IOAT] STSOUAAT OFLL 2 
pestea Ap sys mo ¢xg ‘[oJuyed Appysys MU} ISOPO] AANQOPAS snopnosg TPSL I 
SANOFT ANOY-AJUOMY, JopJy auvsveddy SANOH XIS Joy suvsveddy | sjsousteyg ON ‘dsoy]| ‘ON 
| 
S1NOY INOJ-AJUOM} PUB XIS 19}J8 Pou;weEX| OGL ‘I 
Saj9sndiod “yuV0 Jed OZ Uojsuedsng SUyPUyM OL yunomy ‘sdovdtq JoAO Wae yor aoddn ‘t au ‘a YUM AVG Mor po 
SG8VO LHDIG 9 NOLLVAURSHO—'9 WIavaL 
—_" es is 





628 THE ARCHIVES OF INTERNAL MEDICINE 


seemed doubtful whether injections beneath the skin into the subcuta- 
neous tissues would show through the skin. This at once raises the 


question of the value of a color reaction, for some skins are much thinner 
and more transparent than others. As the table shows, all such injections 
revealed marked discoloration. Again, it is doubtful if any large amount 
of plasma can come in contact with the injected red-cell suspension. The 
injection is a foreign substance, and the body cells must react toward it 


as they do toward any foreign substance. That some action does take 
place at times seems certain, because there are times when there is evi- 
dence that the hemoglobin of the injected cells has been released into the 
tissues. The curious “black-and-blue” spot simulating ecchymosis from 
a bruise seems to prove this. On the contrary, in certain persons the 
injected cells must be absorbed very quickly, for there is no evidence to 
reveal the injection. No explanation is offered for these phenomena. 

It is evident from a perusal of Tables 1 and 2 that there is no regu- 
larity in regard to the hemolytic reaction. The statement of Weil is 


TABLE 8.—SUMMARY OF SEVENTY-FOUR CASES FROM PREVIOUS TABLES 


Disease No. Cases Pos 
} 





Carcinomas ; epitheliomas 
Rheumatic fever . 
Convalescent typhoid 
Tuberculosis ........ 
Cirrhosis liver .... : 
Cancer liver, secondary 
Sarcomas 

Blastomycosis ... 

All other diseases 


SDWIAI 


mt 09 ¢ 


Deh 


- 


~ ‘Totals 
borne out, namely, that human serum in various diseases is occasionally 
hemolytic toward the corpuscles of other human individuals. He was 
working with serum and corpuscles, but the same statement may be made 
in regard to hemolysis in vivo. 

In Tables 3, 4 and 5 are shown the results of injecting 5 and 10 
minims of suspension from 10 per cent. to 40 per cent. into the loose 
tissue of the mid-forearm and into the more adherent tissue near the 
wrist. No greater differences were noted than were found by using the 
recommended 5 minims of the 20 per cent. suspension. What differences 
there were, were so irregularly distributed that no information could be 
gained on the points noted above. 

On the contrary, Table 6 seems to show that 10 minims of a 20 per 
cent. suspension caused more so-called positive reactions than 5 minims 
of a similar suspension. 

This may have been simply a coincidence. At any rate, no impor- 
tance is attached to it. This injection was given in the skin over the 
biceps. 
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There are seen fewer positive reactions in Table 7, using the same 
amount of a 20 per cent. suspension of blood from the same person, than 
in Table 6. In Observation 7 the suspension was injected into the 


forearm. 
A total of all the injections shows that 67.6 per cent. were negative 
and 32.4 per cent. positive. In spite of the fact that tuberculous persons 


are said to possess more isohemolysins than normal persons, the figures 


of a few cases show 66.6 per cent. negative reactions. Leaving out the 
cases of malignant tumors, there are sixty-four cases with twenty positive 
and forty-four negative. This is quite different from the 94 per cent. 
negative reactions found in all other diseases by Elsberg, Neuhof and 
Geist. 

In conclusion then, it seems evident that the same irregularities 
obtain in the hemolysis in vivo as that tn vitro. The most evident point 
brought out is that the test cannot be said to be of any great value in the 


diagnosis of early carcinoma. 








RECOVERY OF A TYPHOID BACILLUS-CARRIER DURING 
VACCINE TREATMENT * 


WALTER V. BREM, M.D. AND F. C. WATSON, M.D. 


LOS ANGELES, CAL, COLON HOSPITAL, CRISTOBAL, CANAL ZONE 


Medical literature during the past five years has contained numerous 
reports of chronic typhoid bacillus-carriers, but there has been very little 
discussion of the treatment of these patients. The reason for this paucity 
appears to be that treatment has been unsatisfactory, and in but few cases 
has the infection been eradicated. 

Dehler* has cured by cholecystostomy two patients who discharged the 
bacilli in the feces, but the bacilli did not disappear from the stools of 
a paratyphoid carrier on whom Forster? did cholecystostomy for gall- 
stones. Grimme®* reported the recovery of an intestinal typhoid carrier 
on whom cholecystectomy was done. Park* failed to eradicate the infec- 
tion in “Typhoid Mary,” an intestinal carrier, by the use of intestinal 
antiseptics and hexamethylenamin; the latter drug was given in doses 
of 100 to 150 grains daily. Park cites Lentz, who stated that he could 
not get rid of the bacilli by any treatment. Albert® reported the disap- 
pearance of bacilli from the urine of a carrier treated with hexamethyl- 
enamin, but no details were given and no statement made as to permanent 
recovery. Niepraschk*® had success with hexamethylenamin and boric 
acid (triborate of hexamethylentetramin) in the treatment of a urinary 
carrier after he had failed with hexamethvlenamin alone and in combi- 
nation with resorcin. He gave this preparation in doses of 1.5 gm. four 
times daily. Hammond’ failed to cure an intestinal carrier to whom he 
gave hexamethvlenamin for months. 

Litterer® treated by vaccination a patient with a discharging typhoid 
bone lesion. He estimated that there were a half million bacilli in a 


*From the Medical Clinie of Colon Hospital, Cristobal, Canal Zone. 

*Read in the Section on Practice of Medicine of the American Medical Asso- 
ciation, at the Sixty-Second annual session, held at Los Angeles, June, 1911. 

1. Dehler: Miinchen. med. Wehnschr., 1907, liv, No. 43. 

2. Forster: Verhandl!. d. deutsch. path. Gesellsch., 1907, p- 163. 

3. Grimme: Miinchen. med. Wehnschr., 1908, lv, No. 1. 

4. Park, W. H.: Jour. Am. Med. Assn., 1908, li, 981. 

5. Albert, H.: Jour. Am. Med. Assn., 1908, li, 982. Discussion of Dr. Park’s 
paper. 

6. Niepraschk: Ztschr. f. Hyg. u. Infektionskrankh., 1909, Ixiv, 454. 


7. Hammond, F. S.: Jour. Am. Med. Assn., 1909, lii, 48. 


8 Litterer, W. L.: Jour. Am. Med. Assn., 1908, li, 982. Discussion of Dr. 


Park’s paper. 
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platinum loopful of the pus. He thought, justifiably, that the patient 
should be regarded as a chronic typhoid bacillus-carrier. Under vaccine 
treatment the patient showed great improvement, but was not entirely 
cured at the time of the report. He has recently informed us that this 
patient and another similar carrier were both cured by vaccination in 
three and two months, respectively. 

Irwin and Houston® have successfully treated a urinary carrier by 
vaccination after failure with hexamethylenamin. The bacilli disappeared 
after the third dose and four subsequent examinations covering a period 
of two months were negative. Six vaccinations were given, the doses 
increasing from 50 to 1,000 million. Meader’® treated successfully by 
vaccination a patient who discharged bacilli in her feces. The patient had 
had typhoid fever thirty years previously and had been exposed to infec- 
tion five vears previously. Before vaccination was begun, treatment was 
attempted with hexamethylenamin; 15 grains three times daily for two 
weeks were given, and then 75 grains daily. The large doses had to be 
discontinued after three or four days because of painful micturition. 
No diminution in the number of typhoid bacilli discharged in the feces 
could be detected. An attempt was then made to plant B. coli in the 
lower bowel in the hope that it would overgrow the typhoid organisms. 
Four doses, each about a pint, of a bouillon culture, were given per rectum. 
The typhoid organisms persisted in the stools and treatment with lactic 
acid bacillus tablets was tried ; this also failed. Autogenous vaccines were 
then given at intervals of from one to two weeks. Six vaccinations were 
given, the doses increasing from 25 to 1,000 million, after which the 
stool cultures were negative on three separate examinations. Meader 
studied the bactericidal and agglutinating power of the blood during 
vaccination. The former rapidly rose, reaching its greatest power after 
400 million bacilli were injected; it then fell rapidly, and seven days 
after 1,000 million bacilli were injected the bactericidal power had fallen 
to a point practically the same as when immunization work began. An 
interesting observation was that during the period of declining bacteri 
cidal power the agglutinating power became evident in dilutions of from 
1 to 500 in one hour. The first stool examination that was found nega- 
tive was seven days after the above phenomenon. No examination was 
made for twenty-three days previously, so it is difficult to correlate the 
disappearance of the bacilli with the serum phenomena. Meader seems 
inclined to think that the high bactericidal power of the serum was imme- 
diately correlated with the disappearance of the bacilli, but the stool was 
positive for bacilli only three days before the examination that showed 
the highest point of bactericidal power, and ten days after the previous 


9. Irwin. S. T., and Houston, T.: Lancet, London, Jan. 30, 1909. 
10. Meader, F. M.: Bull. Johns Hopkins Hosp., 1910, xxi, 280. 
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examination. The bacilli disappeared some time during a period of 
twenty-three days that covered the maximum point and the rapid decline 
of bactericidal power and the rise and fall of agglutinating power. Our 
experience with our own case leads us to suggest that the phenomena 
were coincidences, and that the disappearance of bacilli was due to the 
healing of a chronic lesion under the influence of vaccination — that the 
healing was completed coincidentally with the serum phenomena. 

Cummins, Fawcus and Kennedy" treated six typhoid carriers and one 
paratyphoid A carrier. Two of these were urinary carriers and five 
intestinal. They used implantation of B. bulgaricus; they tried intestinal 
and urinary antiseptics, including hexamethylenamin (urotropin) alone 
and together with another diuretic; they attempted to influence the 
infection by acidifying the urine by means of the administration of 
sodium benzoate and acid phosphate of soda; they exposed the gall-bladder 
and kidneys to z-rays; and they vaccinated three patients with stock and 
autogenous vaccines. 

One intestinal carrier recovered during the administration of B. bul- 
garicus in large doses, but others were not improved by it. An inter- 
mittent intestinal carrier ceased to discharge bacilli on two occasions after 
exposure of the gall-bladder to the x-rays, and the bacilli were not found 
in his stools when he was discharged from observation. It was thought, 
however, that this absence of bacilli might be due to a natural inter- 
mission rather than to cure by treatment. Bacilli in the feces and urine 
respectively of two other patients decreased in numbers after x-ray treat- 
ment, but increased again when treatment was discontinued. Antiseptics 
reduced the number of bacilli but when antiseptics were discontinued 
the number rapidly rose. Vaccination was carried out on three patients, 
one an intestinal carrier, two urinary carriers. It failed in all three cases 
to eradicate the infection. 

The authors are sure, therefore, of the recovery of only one patient 
during treatment, an intestinal carrier treated with lactic acid bacilli 
(B. bulgaricus). They think that a combination of vaccination with 
hexamethylenamin in urinary carriers, and of vaccination with z-rays in 
gall-bladder intestinal carriers may prove to be effectual. 

Stone™ has reported one typhoid carrier treated by vaccination. His 
patient was a urinary carrier, and recovered during treatment with autog- 
enous vaccines. Six doses, increasing from 100 to 400 million, were 
given, and stool cultures were negative after the sixth dose. 

To sum up, three chronic intestinal typhoid carriers have recovered 


after operations on the gall-bladder. One urinary carrier has recovered 


11. Cummins, S. L.: Faweus, H. B., and Kennedy, J. C.: Treatment of 


2 


Typhoid Carriers, Jour. Roy. Army Med. Corps, Lond., 1910, xiv, 351. 


12. Stone, W. J.: Jour. Am. Med. Assn., 1910, lv, 1708. 
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during the administration of hexamethylenamin in combination with 
boric acid (triborate of hexamethylentetramin). One intestinal carrier 
recovered when lactic acid bacilli (B. bulgaricus) were implanted in the 
alimentary tract. One intestinal carrier apparently recovered after 
repeated exposures of the gall-bladder to z-rays. One intestinal carrier, 
two urinary carriers, and two carriers discharging bacilli from bone 
lesions have recovered during vaccination with autogenous vaccines. We 
shall add to the number one urinary carrier that recovered likewise during 
vaccination with autogenous vaccine. Altogether then, there have been 
only twelve recoveries of typhoid carriers as far as we have been able 
to find ; six recoveries of intestinal carriers, four of urinary carriers and 
two of carriers with bone lesions. Including our own patient, six have 


recovered during treatment with autogenous vaccines. 


CASE REPORT 


Our patient was a little American girl, white, aged 44% years. She had had 
an attack of fever, that was probably a mild initial attack of typhoid, in July, 
1910, during which she was not under our care. She was admitted to Colon 
Hospital (No. 26,236) Aug. 3, 1910. She had a typical uneventful rather mild 
attack of typhoid fever, during which her serum in 1 to 50 dilution agglutinated 
the stock culture of B. typhosus in one hour. During the last fourteen days of 
convalescence she was given for prophylactic reasons 3 grains of hexamethylena 
min three times daily—rather large doses for a small child. She was discharged 
from the hospital Sept. 3, 1910. 

On September 18, the child’s mother was admitted to the hospital with con 
tinued fever, the onset having been about three days previously, or twelve days 
after the child’s return home. B. typhosus was isolated by blood culture. The 
course of illness was typical of a rather severe attack of typhoid fever 

On September 19, the child’s father was admitted with a mild remittent fever 
that persisted ten days, maximum 101.5 F. The onset of his attack was September 
16, or thirteen days after the child’s return home. A blood-culture, made after 
six days of fever and four days before the temperature remained normal, was 
negative Although the patient had never had typhoid fever, two agglutination 
tests by Bass’ macroscopic method were positive. There appeared a few quite 
definite rose spots. The spleen was not palpabl In the light of these facts and 
of subsequent events, it is quite certain that this was a mild attack of typhoid 
fever 

These two cases led us at once to suspect that the chi 
had infected her father and 


Id was discharging 


typhoid bacilli in her urine or feces, and that she 
mother. Four examinations of her stools were all negative for B. typhosus. On the 
first attempt we failed, also, to obtain B. typhosus from the urine, but the second 
eulture, Oct 1910, was positive, and the organisms were isolated ten times 
thereafter without a failure until they finally disappeared, Feb. 15, 1911, about 
six months after the attack of typhoid fever was over. Five successive negative 
examinations, covering a period of about three months, were then made. 
Vaccination with autogenous vaccines was begun on Oct. 10, 1910, and nine 


doses, increasing from 25 to 1.500 million. were given, the last on Feb. 1, 1911, 


after which typhoid bacilli could no longer be isolated from the urine. The 

bacilli gradually decreased in numbers as vaccination proceeded The first vac 

cine used seven doses) was sterilized at 60 ( for one hour: the second vaccine 

(two doses), at 53 C. for one hour. The vaccinations gave slight local reactions 
13. Bass, C. ¢ Tne Arcnives Int. Mep., 1910, vi, 717. 
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only until the last injection of 1,500 million bacilli, when a mild general reaction 
occurred. The injection was given about 10 a. m., February 1, and at 8 p. m. 
the patient’s temperature was 102. By noon the next day, the temperature had 
reached normal. During the entire time the patient seemed in perfect health. 

Numerous agglutination tests were made before, during and following the 
vaccination period. Before vaccination the patient’s serum in a 1-to-40 dilution 
gave a positive reaction in one hour against a suspension in salt solution of a 
twenty-four-hour agar culture of her own organisms, and an incomplete reaction 
against the bacilli of a stock culture. Three days after the first vaccination the 
reaction against both strains was incomplete. Seven days after the second 
vaccination, a 1-to-50 dilution of serum agglutinated the urine culture in one 
hour, but the reaction was negative in one hour against the stock culture, 
which, however, was agglutined in six hours by dilutions of serum up to 1 to 200. 
After the seventh vaccination (400 million bacilli), the serum in a 1-to-150 dilu 
tion agglutinated the stock culture in one hour, and in six hours the stock culture 
was agglutinated by a 1-to-1,000 dilution. At this time a 1-to-150 dilution of the 
serum failed to agglutinate the urine culture, and in six hours the maximum 
dilution that caused agglutination was 1 to 300. Vaccination was then sus- 
pended for thirty-five days, during which the agglutinating power of the serum 
decreased. After twenty-eight days a 1-to-150 dilution of the serum agglutinated 
both strains in six hours, but in the same time a 1-to-200 dilution gave an incom 
plete reaction against the stock culture and was negative against the urine cul 
ture. Vaccination was resumed Jan, 10, 1911, and on Jan. 21 a 1-to-150 dilution 
of serum agglutinated in one hour the urine culture, but gave an incomplete 
reaction against the stock culture. On Feb. 1, 1911, the last vaccination (1,500 
million bacilli) was given, and on February 15 the serum in a dilution of 1 to 
1,000 agglutinated both organisms in six hours. On March 1, a 1-to-1,000 dilu 
tion still agglutinated the stock culture in six hours, but the reaction was incom 
plete against the urine culture. On March 24, nearly two months after the last 
vaccination, the serum in a 1-to-200 dilution agglutinated the stock culture in 
one hour, and a 1-to-400 dilution, in four hours. 

Between the dates of Dec. 6, 1910, and Jan. 10, 1911 (see table), no vaeccina 
tions were given, and the agglutinating power of the serum against both the 
urine culture and the stock culture decreased. On December 17, a_ 1-to-1.000 
dilution of serum was positive in six hours against the stock culture, but a 
1-to-300 dilution was the maximum dilution positive against the urine culture 
On January 3, a 1-to-200 dilution gave in six hours an incomplete reaction against 
the stock culture and a negative result against the urine culture During the 
period of this decreasing agglutinating power of the serum, the number of bacilli 
in the urine not only failed to increase, but actually decreased from 32 per loop 
ful of urine on December 17 to 5 per loopful on January 3 

At the time of the observations no records were made of the numbers of 
colonies on the plates, but our impression is that during the first two months the 
number remained approximately the same. On November 26, there were 92 colo 


nies per loopful of urine, and, with one exception, the number decreased gradu 

ally thereafter—92, (18), 45, 32, 5, 2, 0 
Nov. 26, 1910 92 colonies per loopful 
Dec. 9, 1910 (13 days’ interval) 45 colonies per loopful 
Dec. 17, 1910 (8 days’ interval 32 colonies per loopful 
Jan. 3, 1911 (17 days’ interval) 5 colonies per loopful 
Jan, 21, 1911 (18 days’ interval) 2 colonies per loopful 
Feb. 11, 1911 (21 days’ interval 0 colonies per loopful 


If the time intervals are all changed to two weeks and the number of bacilli 
are calculated for each examination according to the rate of decrease for each 
period, the following results are obtained: 92, 42, 20, 4, 2, 0. In other words, 
the decrease in the number of bacilli proceeded with almost mathematical pre 
cision, the number being reduced one-half every two weeks, excepting during the 
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third interval, when reduction was more rapid. A part of this reduction was not 
associated with an increasing agglutinating power of the blood serum, but with 
a decreasing power; nor did the reduction cease when the agglutinating power 
rose again with subsequent vaccination. The phenomena suggest strongly that 
antibodies produced by vaccination were not acting on bacilli in the urine, but 
that a chronic typhoid lesion that was discharging typhoid bacilli in the urine 
slowly healed under the influence of vaccination, probably as the result of the 
action of antibodies in the lymph or exudate on the bacilli in the lesion. That 
there were not antibodies sufficient even to inhibit growth in the urine was 
shown by inoculating the sterile urine, just after the disappearance of typhoid 
bacilli, with typhoid organisms from both the stock and urine cultures. Both 
organisms grew well, in spite of the fact that the agglutinating power of the 
blood serum at this time was 1 to 1,000 in six hours. 

Our experience leads us to suggest, therefore, that the eradication of the 
infection of chronic typhoid carriers by vaccination is brought about by the 
gradual healing of a chronic lesion under the influence of antibodies produced by 
the vaccination. If the bacilli grow in secretions and excretions only, it does not 
seem that vaccination would be effectual. Hexamethylenamin or lactic acid bacilli 
might be effectual in such cases. The only other treatment that our patient 
received was four 5-grain doses of hexamethynamin on December 6 and 7. The 
previous examination of urine, November 26, had shown 92 bacilli per loopful. 
rhis result had discouraged us, and we brought the patient to the hospital to give 
a trial to hexamethynamin treatment. We obtained a specimen of urine and 
began hexamethylenamin treatment before the plates were incubated. On the 
following day, we found the number of colonies so reduced that we discontinued 
hexamethylenamin and resumed vaccine treatment. That the four doses of hexam- 
ethylenamin had no permanent effect on the bacilli was shown by the fact that 
the number of organisms was 45 per loopful two days after the drug was given. 


There may be a question as to whether or not our patient should be 
considered a chronic typhoid carrier. According to the classification of 
Frosch,** she should be considered one. Frosch divided carriers into two 
groups: “those who excrete bacilli for less than three months, and those 
who excrete them for three months and longer. The latter class constitute 
the chronic bacilli carriers, the Dauerausscheidern of the Germans” 
(Simonds). Our patient carried typhoid bacilli for about six months 
after the temperature of her typhoid attack remained normal, and, accept- 
ing Frosch’s classification, she may be considered fairly as having been 
a chronic ty phoid bacillus carrier. 

The possibility cannot be denied that the lesion that discharged bacilli 
may have undergone spontaneous healing without regard to vaccination. 
We prefer to say, therefore, that our patient recovered during vaccination, 
rather than that she was cured by the treatment. In the light of what 
is known of chronic typhoid carriers and of the chronicity of post-typhoid 
lesions, however, it does not seem probable that recovery was spontaneous. 

One other objection might be made. Some typhoid carriers, both 
urinary and intestinal, discharge the bacilli intermittently. It may be 
suggested with reason that the disappearance of bacilli in our case may 
have been due to an intermission. This is possible. But the bacilli were 


14. Frosch: Klin. Jahrb., 1908, xix, 537. Cited by Simonds, J. P.: Am. Jour. 
Med. Sc., Aug., 1910, exl, 247. 
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I nt on ¢ en SUCCESSIVE Xaminations ng 1 of 1 re than 
three months, the ora 1 decreased numbers al na : 
peared na the i een absel ol ves Ss ‘ nat rs 
ng a period ¢ ilmost thre months ( rs I eXxvaminat nN made 
was negative for typhoid bac uy rest was vably due fault 
techn ry we had just o Nn n , i exa ’ on 
stools ha t hes It seclus ( le to ( re I t ite! 
was a cont S onic typ] cal r, al ts n ea ane! 
rec ] curing tre nent I togen : cines 


Is j 1} method | ~ ito! | adh } | 
was ui of Endo Endo’s medium ts ea va vhic < ( 
is Tue <n we+tose ind sufhic ent s dl Bal ~ ) to WoO ‘ 





rosaniiin, a Coloriess eukobase. ( i lL co onent 1 the ( sal ! 
salt is easily reduced by sodium = sulphite. When lactose-fermenting 
organisms grow on the above medium, the acid formed combines with the 
decolorized rosanilin and the colonies are stained red. The heavy agar 
medium 1s exa tly ke “ordinary” agar, excepting that 20 on of agal 
agar per 1,000 ¢.c, are used instead of 15 gm. To 1,000 ¢.c. of the agar 


medium are added: lactose, 10 om.; basic fuchsin, 
cent. solution in alcohol: sodium sulphite, 25 to 40 ¢.c. of a 10 per cent 
aqueous solution. The sodium sulphite should be added until the re 
color has « } anged to a faint pink. The agar medium can be pre nared n 


bulk to be kept in stock, but the fuchsin, lactose and sodium sulphit 


should be added just hefore pouring into the plates. One } undred ¢ tile 
centimeters of the medium will make about four or five plates, whic! 
should be 12 to 15 em. in diametet Phe lates are exposed to the air 


(covered with clean paper), for one hour, during which thev harden and 


drv. One oopful or more of t] e mate rial to be examined ts then nlacer 
on the surface of the first plate, and with a sterile bent og] ss rod it is 
spread widely over the surface: the rod is then stroked over the surface 


of the second plate; then the tl ird. and so on. The plates are covered 


wrapped in paper to exclude lig 


The colonies of the lactose-fermenting organisms are then red, whil 


t. and incubate or twenty-four hours 


the colonies of non-lactose-fermenting organisms are colorless Th 
method thus furnishes an easy way of isolating typhoid, paratyphoid and 
dvsenterv bac illi. The organism that causes difficulty most freque ntlv is 
B. fera is alka UL nes, 

15. Endo: Centralbl. f. Bakteriol., 1904, xxxv, 109 \ transcription of Endo’s 
article was kindly given us by Dr. S. T. Darling. chief of the Board of Healt 


Laboratory, Ancon, Canal Zone 
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Identification The organisms that we isolated from the urine were 

tix . ; ( a ~ Th { , 1 small. 1 ¢t 9 

smal, ac ( note, Gram-negative bac . hey iormed small, lO « 
mm diameter, translucent colonies with a yluis retract It oO igal 
piates Litmus mi Was S1IZhtlV acid ed DY them and remained acid. 


There was an invisible growth on potato. No indol was formed in 


Dunham’s peptone medium. Bouillon showed a general turbidity without 
pellicle or se nt. There was no gas formation in al the sen 
solid ! Ss sugar media; aci ormes n dextrose, mannit cvalactos and 
aextril I wa no chan n ictos sat rose or a le Ihe 
organisms W iggiutinated by the serum « 1 tvphoid patient (the 
‘ s 1 ) in a 1-to-50 dilution in one hour After the ¢« d was 
vaccinated with her own organisms, her serum agglutinated a stock cul 
tu) ot 1 baci] n a 1-to-200 « tion in one our an na 
l 1.000 tion In six hours 


1. The erature of the treatment of typhoid bac S-<( ers is 
Cviews | en recoveries, excluding our case, have occurre Five of 
these patients recovered during vaccination with autogenous vaccines 

2. Our patient was a Ww te « a female aged $14, ears Shortly 
alter he ULC of typhoid fever, het ithe ind mother were infected 
I'vphoid organisms in pure culture were isolated from the child’s urine. 
Hexamet enamin had been aministered to the patient during two weeks 
of convalescence from the tvphoid atta 

3. Practica the only treatment given was vaccination with autog- 


enous vaccines. Nine doses were given, increasing from 25 to 1.500 mi 


nm. The bacilli decreased gradually and disappeared after the ninth 
vaccination Kleven successive urine cultures were positive for B. typho- 
7 mad the success e cultures were negative 
! he total duration « the bac l 1, Irom the time of normal! tem 
perature, was uit six months. ‘The patient appeared to be a continuous 
carrie 


5. It seems that the disappearance of the bacilli was not an inter- 
mission but a true recovery. brought about bv the gradual healing of a 
chronic lesion under the influence of vaccinat n. 

We wish to thank Col. W. C. Gorgas. Chief Sanitary Officer. for permission 
to publish this report 
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nm the st t ears iried in age between 4 vears and 69 
) waaay such conditions has occasior i Vast an < 
itor the Sease seems ft follow « ‘ . ndit =e as : 
lifferey ! scl } ind pathologic ‘ - af as oo tie 
un ! et g i ivent some cases show no atl rent toxle « stanc 
n the ve ving sterile in culture. and e sions of the eine Ros 
toxie to rats, rabbits or cats; as for instance, in a male. aged 69. who died ’s 
liter a progressively intense jaundice of twelve davs’ duratior In another (9 
case, slightly more protracted, in a male aged 38, in which death occurred : 
in an intensely jaundiced condition, a pure culture of B. coli was obtained 
from the liver and spleen. Emulsions of the liver and spleen injected ' 
into rats produced death within twenty-four hours. whil injections of 
emulsions from the duode num and larae ntestine produ ad ne efix t. \ 
pure B. coli was again isolated from the livers and spleens of the dood 
rats, which again proved fatal to another series of rats, but produced no 
result On Faboits, dogs or cats This, however, means vet ttle as a : 
' ety of organisms can be obtained from th ers of subiects wl - 
; 
lied from man Terent causes : 
; 
REPORT Of CASI ; 
From ai erience of ten cases in st three vears. five of whic] 
sei read en pub shed presenting stories isting SIX WeeKS ind ; 
; 
upward, a further case mav be noted in which the process was verv pyro | 
longed and the diagnosis from ordinary cirrhosis presented difficulties } 
even at nee < 
History The patient was a large, obese man, aged 41. a bar porte His ; 
previous health and digestion had been apparently very good He had been in : 
the habit of drinking two or three glasses of whisky a day There was no 
evidence or history of syphilis, nor any indication of it in his family record He 
denied malaria, searlet fever, diphtheria, small-pox, pneumonia, typhoid or any 
other special disease 
j 
; 
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liver-tissue remaining (Fig. 1). The larger vessels of the liver showed no special 
yross exchange nor were there any evidences of thrombosis The islets of liver 
tissue were brown, well defined but somewhat irregular in outline. They varied 
in size up to several which reached 2 em. in diameter. These islets appeared quite 
homogeneous in character, although the larger ones were intersected by a delicate 
fibrous stroma They had lost the characteristic lobular markings. 

Vicroscopic Pathologic Exramination—The brown areas were composed of 
liver-cells which for the most part were crowded together and had lost their 
trabecular and lobular arrangement. ‘These liver-cells were also somewhat irregu- 
lar in size, many being very large and hypertrophic, and some were noticed to 
contain several nuclei In this particular case, the process was of such long 
duration that signs of active liver-cell multiplication were wanting. No 


mitoses were observed, although some evidences of amitotic nuclear division could 
be noted. Yet the irregularity of the liver-cells, and particularly their large 
size, indicated that some hyperplasia had occurred previously Contraction of 
fibrous tissue round islets of liver-cells does not, as a rule, produce the appear- 
ances of compression which are common around tumors and in congenital syph- 
ilitie cirrhosis, and certainly is not responsible for the appearances described as 
due to liver-cell hyperplasia. These nodules of liver-cell hyperplasia were com 
paratively small, but in some cases they tend to assume very large dimensions. 
Two such cases I have seen diagnosed and operated on as abdominal tumor 
growths. In this connection, Barbacci* reports an interesting case of subacute 
itrophy in a woman whose liver was extensively cirrhotic and showed a tumor, 
composed of hyperplastic liver-cells the size of a fetal head projecting on the 
right lobe, and another the size of a Tangerine orange on the surface of the 
left lobe.) 

In this case the fibrous tissue was very dense but contained only a small pro 
portion of elastic tissue. Included in this, there were numerous small islets of 
closely packed liver-cells which apparently had escaped destruction and had pro 
liferated considerably Bile-ducts were fairly numerous, but in certain areas 
none were obvious at all. Many of these ducts communicated directly with the 
liver-cells, and others also could be traced to old persisting interlobular bile-ducts 

By serial sections, the course of the “ducts” could be traced more satisfactorily. 
For the most part they pursued a definite course between liver-cells with which 
they were directly continuous and some definite interlobular bile-duct. Many of 
these “ducts” connected with the liver-cells or interlobular bile-ducts ended blindly, 
but they mostly formed part of an extremely interlacing network. This network, 
which could be reconstructed from serial sections, seemed to be very similar in 
general distribution to the normal drainage system of the liver (compare Fig. 2) 
although naturally considerably distorted by the inflammatory tissue through 
which the ducts extended. When the complexity of anastomosis and accuracy of 
relationships of this reconstructed system was considered, it was apparently 
impossible that either liver-cells or bile-ducts could have produced these strue 


tures by proliferation 


Evidences of proliferation of liver-cells in those areas which have 


survived are common in all destructive processes of the liver and are 
particularly marked in the extensive lesions of acute and subacute atrophy 
and in all the forms of cirrhosis. In these areas, the multiplication and 
hypertrophy of liver-cells corresponds to the appearance which can be 
induced by experimental! removal of large quantities of the hepatic tissue.” 
As in experimental cases, the multiplication of liver-cells is much more 
freque ntly produced by a process of amitosis than by karvokinesis, which 


seems to occur as a relatively early phase in the process of liver-cell multi- 


2. Barbacci: Beitr. z. path. Anat. u. z. allg. Path., 1901, xxx, 45. 
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Many, however, were lined by an extremely attenuated type of cell 


and in parts a thin line of protoplasm containing no nuclei, alone 
formed the lining of the space In several spots at the margins of these 
areas, Columns of liver-cells were directly continuous with this adenoma- 
tous formation. It was a question whether these liver-cells were evolved 
as a metamorphosis or proliferation from the “duct” structures or vice 
versa, but more probably they were only surviving liver-cells maintaining 
connections with their original bile-discharging svstem which for some 
reason, obstructive possibly, had become distended. 

Subacute atrophy, then, may be considered as a more protracted stage 
of the acute condition when the subject has been more resistant and the 


destructive process less extensive. There may thus be tvpes of every 





Fig. 3 {rea showing numerous adenomatous bile-ducts. The lining of the 
spaces is in some partly cubical and in others very attenuated. Toward one 
corner is a patch of somewhat hyperplastic liver-cells. 


intervening stage between acute yellow atrophy and prolonged subacute 
cases, while complete recovery is also possible. Indeed, such cases of 
chronic atrophy may be recognized only when a certain failure of hepatic 
compensation is induced by some intercurrent condition. As a result, 
the prognosis of any disease in a case in which there has previously been 
any prolonged jaundice is necessarily guarded, as the vitality of such an 
individual with a reduced hepatic reserve is naturally diminished. The 
disease, in both the acute and subacute forms, almost invariably has an 
insidious onset unless it supervenes on some other preexisting condition. 
The whole aspect of the case is different from what is found in ordinary 
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cirrhosis. The subject may complain of practically no other symptom o1 
sign, except jaundice and, perhaps, some slight diffuse epigastric pain. 
Gastro-intestinal troubles apparently are not the rule. 

As the process becomes more chronic and the regeneration of livet 


tissue and replacement fibrosis more extensive, the dev lopment of ascites 


ich oceurred in 


is only natural. In several of the more chronic cases w 
this institute, ascites has developed in about six months after the onset 
of the jaundice. Such cases differ from ordinary atrophic cirrhosis onl) 
by having none of the toxic appearances or marked enlargement of the 
spleen as is the rule in cirrhosis. 

Acute atrophy, then, bears a certain relationship to all the forms of 
cirrhosis, and the substance which causes the original liver necrosis may 
be exactly the same, only varying in intensity and in rapidity of action. 
Where a poison, derived either from bacteria or from some metabolic 
product from the intestine, acts on the liver for a short duration and is 
comparatively mild in toxicity, it causes a destruction of the hepati 


lobule which may be complete 


tissues toward the periphery of each 
repaired by the remarkable regenerative capacity of the liver-cells; if, 
however, the destruction be too extensive, it is replaced by connectiv 
tissue, and a picture of a monolobular cirrhosis is produced. Such livers 
are often large, commonly fatty, frequently presenting a smooth surface, 
and represent what used to be termed “biliary” or “Hanot’s” cirrhosis 
Should the destructive change be more continuously applied, however, 
frequently destroying smal! sections of the liver and, in direct ratio, 


1] 


inducing replacement fibrosis and regenerative activity of the liver-cells, 
atrophie cirrhosis is produced. In this form, a complete reconstruction 
of the liver results. The terms “multilobular” or “portal” have been 
applied to it, but obviously are not correctly descriptive. A continuous 


or frequently repeated reduction of liver substance, in spite of the great 


regenerative activity of the liver, eventually reaches a point where insuffi- 
ciency occurs and the patient succumbs to jaundice. The rearrangement 
of the liver from necrosis, replacement fibrosis and liver-cell hyperplasia, 


causes a tortuosity and variation in length and caliber of the blood cap 
laries which naturally increases the resistance to the portal circulation 
which may be sufficient to cause ascites. It is, however, easy to see that 
a slowly progressing liver destruction may continue into an advanced 
cirrhosis without any jaundice, while only in the latter stages of the dis 
ease is ascites manifested, and only after a large amount of liver tissue has 
been destroyed or some intercurrent disease has developed does jaundic 
become evident. 

In conclusion, one can trace a direct connection between acute atrophy. 
subacute atrophy and cirrhosis of the liver in all its types, the difference 
in each depending on the extent and rapidity of accomplishment of the 
destruction of the liver. 
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the left clavicle two enlarged glands 1 be felt it ther glands 
palpable Lhe lower portion of the chest posterior shows ilness t mit 
ished fremitus and breat sounds The tensely swolk " men « med a bulging 
of the lower ribs the veins over the sides of the omen ar est wer li te 





Fig. 1.—Monaster 





Fig. 2 Beginning diaster 


[ypical signs of fluid in the abdominal cavity were obtained and on palpation 
an indefinite and deeply situated tumor mass could be felt just above the umbili 
eus. On March 2 


two davs after admission, 1.300 ¢.c. of fluid were removes 
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from the al mer Following the tapping, the tumor could be felt somewhat 
more distinet is a transverse mass just to the left of the umbilicus This was 
hard and irregular, was firmly tixed and was not tendet Rectal examination 
s| ed that it extended into the pelvis in front of the rectun During his stay 








Fig. 3 Resting tumor-cell (a diastet b 











Fig. 4 Diaster—later stages. 
in the hospital his temperature showed a daily fluctuation from about 98 to 100 F 
rhe urinary examination was negative except for the presence of a few granular 


and hvaline casts and, on one occasion, a blood-cast Ihe stools showed a positive 
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occult test for blood with a slightly increased numbet f muscle fibers 
blood-pressure was norma Lhe blo examination showed S.000,000) re cells 
8,000 leukocytes and 55 per cent. hemoglobin \ differenti ount of the leu 





lig. 5.—Diaster—later stages 





1 


Fig. 6 \rrow points toward two new tumor-cells 


cytes showed 24.4 per cent. mononuclear cells, 71.4 per cent. polwnuclear. 0.7 
, ' 


per cent eosinop! lie mononuciears and Fa) per cent degenerates The fluid 


obtained from the peritoneal cavity showed the following characteristics: specific 
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vravity L010: large amounts of albumin ne balf volume by heat and nitric 
test: 15 gm. per liter by Esbach very heavy test for nucleo-albumin: tests 
for mucin, sugar and bile negative It contained 17.320 white cells per e.mm 
\ ifferential count of these showed 37 per cent tvpical small lymphocytes, 51 
TT nt. atvpical mononuclear cells and 12 per nt. polynuclear Fight red cells 
vere note in counting 200 hite cells Every tie'd of prepared films showed 
tumor ¢ - in both resting and division stages fhe former could be told 
trom the lymph tes ] by their size, they being from 16 to 24 microns 
iv imeter 2) from the nucleus, which did not stain as heavily and gave the 
ippearat f being fissured or slightly lobulated 3 the protoplasm was 
increas in amount over that of the Ivmphoecytes and most frequently showed 
small areas of vacuolization, Of the division figures, the monasters (Fig. 1) were 
the most plentiful, but there were all stages passing from same down through 
the equatorial plate arrangement to the typical diaster Figs. 2 and 3 Cells 
showing beginning constriction of the protoplasm (Figs. 4 and 5 is well as new 
tumor cells ready to separate Fig. 6 vere fairly abundant The figures here 
pictured were all taken from the preceding case ihout one cell in twenty-five 
showe some form of division 
Course The patient rapidly failed after coming into the hospital and died 
on April 1, of exhaustion At first he was suspected to have a peritoneal tuber 





nee of a Pirquet reaction, the failure to find tuberele bacilli 
in the peritoneal fluid and in the stools, and the large number of mitotie figures 
in the cells of the ascitic fluid changed the clinieal diagnosis to a n yplasn 
involving the peritoneal eavity 

Patholoay \t necropsy, performed by Dr. Warthin, on April 1, 1910, the 


whole abdomen was found to be filled with a soft. nodular mass which proved to 


nsist mainly of tumor of the omentum The coils of the intestines were cov 
ered with a fibrinous exudate fumor nodules were present in the mesentery. 
intestines, peritoneum, and retroperitoneal glands and tissues The diaphragm 
and the parietal pleura were studded with tumor masses. Nodules present on 


the lower surface of the right lung had apparently extended to it from the 
diseased diaphragm The tumor had also involved the bronchial glands, the 
spleen, the kidnevs, the liver and the bladder-wall Microscopically it proved to 
be a lymphosarcoma rhe origin of the tumor could not be determined 


Case 2.—Patient W. B.. aged 32. entered the University Hospital on Feb 


21, 1910, complaining of abdominal enlargement. The family and past history 
were negative The present trouble began six weeks before admission. when 
the patient first noticed that his abdomen was becoming swollen. On the fol 
lowing day he was suddenly taken with sharp, paroxvsmal pains in the left 


lower abdomen, which radiated to the right side Following this the abdomen 


grew rapidly in size and. although the severe pains abated, he had distress after 


eating; became very week and dyspneic, and lost about 20 pounds in weight 


Examination The patient was a moderately emaciated man The abdomen 
was very much distended, bulging somewhat more to the left than to the right 
On account of the tension, palpation was difficult but in the left flank a hard 
mass could be indistinetly felt February 22, the abdomen was tapped and 6 


liters of a brownish, slightly turbid fluid were removed Following this nodular 


mass could be fe!t. extending from somewhat above the umbilicus down to Pou 
part’s ligament on either side This was hard, rather nodular, and but slightly 
movable Rectal examination showed that the mass extended into the pelvis in 


front of the rectum 


Course The fluia collected rather rapidly after the tapping and respirations 
became increasingly more difficult On March 2 the patient was again tapped 
and 7.700 e.c. of ve'lowish-brown fluid obtained Following this tapping, the 


fluid did not re-colleet so rapidly but the patient gradually became weaker 
vomited considerably and died on March 14 
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Numerous blood-counts showed a normal number of red blood-corpuscles and 
a normal percentage of hemoglobin. The leukocytes were moderately increased, 
ranging from 10,500 to 15,000. No abnormalities in the appearance of a stained 
smear were noted. The urine was negative; the stools showed heavy tests for 
occult blood. The injection of 5 mg. of tuberculin produced no reaction. An 
examination of the fluid recovered at the second tapping showed a specific grav- 
ity of 1.018 and large amounts of albumin, so that the tube boiled solid. The 
fluid contained 1,400 white cells and 240,000 red cells per c.mm. The differential 
count of the whites gave 61 per cent. lymphocytes, 7 per cent. polynuclears, and 
32 per cent. large mononuclear cells. A small number of mitotic figures were 
found. A clinical diagnosis was made of malignant tumor involving the omentum. 

Pathology.—At the necropsy, performed by Dr. Warthin, March 16, 1910, 
the omentum was found greatly thickened and nodular, forming a thick apron 
reaching to the pelvis. Fifteen hundred c.c. of fluid of an opalescent, sticky 
character were found in the left pleural cavity. A smaller amount of fluid was 
present on the right side. The parietal pleura showed numerous minute tumor 


granules, with some nodules on the visceral pleura. The peritoneum was thick 
ened and edematous and was covered with a fibrinous exudate. At the pylorus 
was found an irregular ulcer, 24% inches in diameter, with slightly elevated 
borders. Opposite the ulcer there was a nodular mass of tumor tissue. The 
smaller intestines were encased in a layer made up of tumor tissue and fibrin. 
Lymphatics in the lesser curvature of the stomach were enlarged and nodular 
Several tumor nodules were present in the liver. On section, the tumor proved 
to be a colloid carcinoma; in places of the adeno type, in other places rather 
scirrhus. ‘The cancer showed marked mucoid degeneration. 

CASE 3.—Patient.—Miss R., seen by Dr. Hewlett in consultation with Dr. 
Gates of Ann Arbor, on August 22, 1911, complaining of weakness, also emaciation 


and fever. Family history negative. Past history negative up to about one year 
ago at which time a multilocular cyst of the ovary was removed by Dr. Darling. 
Sul sequently she had a stitch abscess but recovery was otherwise perfect. About 


July 4, 1911, she noticed a pain in the left foot, and a week or so later a pain in 
the right side. She had lost weight and strength almost continually since that 
time. She had noticed no chills or sweats but her temperature for the past few 
days had ranged between 100 and 101 F. She had had a succession of reddish 
spots appear under the skin which were painless, not tender, and gradually faded. 
She had coughed considerably especially when she raised mucus. 

Examination.—Patient appeared seriously ill. The skin was sallow and there 
was some dyspnea. At the base of the left chest behind there were numerous 
erackling rfles. At the right base there were signs of fluid extending to the 
sixth or seventh spine behind, well up into the axilla, and to about the fourth 
intercostal space in front. Beneath the skin in various parts of the body were 
a number of spots which were reddish, slightly elevated and from 2 to 3 em. in 
diameter. The older ones faded to a yellowish color. The blood showed no 
marked anemia. There were 17,000 leukocytes. The stomach analyses had shown 
little or no free hydrochloric acid. The sputum was negative for tubercle bacilli 
on several examinations. The fluid aspirated from the right chest and was 
bloody in appearance. Smears of the centrifugalized material showed a great 
many red cells, most of which are either broken or cremated. The polynuclears 
have a predominance over the mononuclears, they making up 82 per cent. of the 
differential blood-count. In addition to these cells already mentioned are large 
numbers of balls of cells, similar to those described and pictured by Quincke. The 
nuclei in these cells stain poorly and the protoplasm of many show fatty degen 
eration. They vary in size from 30 to 50 microns in diameter and some of the 
cellular groups have a diameter of 100 microns. With the Wright stain the 
nuclei in these groups are placed at the periphe ry while the center stains rather 
palely In both the single cells and cell masses are found division figures. Most 
of these are in the monaster or beginning diaster stage. 
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Diagnosis.—Previous to the aspiration of the fluid from the right chest, and 
under the impression that the ovarian tumor had been benign, a tentative diag- 
nosis of sepsis was made based on the fever, leukocytosis, effusion and sub- 
cutaneous spots. Later it seemed much more probable, however, that we were 
dealing with a malignant disease of the pleural cavity, in view of the character 


of the exudate and subsequent examination of sections of the tumor. The latter 
were examined by Dr. Warthin, who reported a papilliferous cystadenoma with 
layers of necrosis and areas of active cell proliferation almost solid. He 
expressed the opinion that the tumor was malignant. 

Course.—The patient failed rapidly and died Aug. 27, 1911. No autopsy was 


obtained. 
REVIEW OF LITERATURE 


To ascertain the diagnostic value of mitotic figures in serous exudates 


one must consider their frequency in malignant as well as in non-malig- 
nant conditions. Reider* first described such figures in an exudate due 
to malignant new growth. In his case both ascitic and pleural fluids 
showed many division figures of mitotic as well as of amitotic nature, 
and at post mortem a sarcoma (carcinoma?), probably beginning in the 
ovary, was found. In 1897 Dock* reported a case of carcinoma of the 
stomach undergoing colloid change, in which many cells of the ascitic 
fluid showed mitotic figures. In the same article he mentions a pleuritic 
exudate secondary to carcinoma of the breast where a few mitoses could 
be found. In the same year Warthin® reported a spindle-celled sarcoma 
invading the pleural cavity. The pleuritic exudate showed typical small 
spindle cells, with numerous division figures. Turton,® in 1905, men- 
tioned a case in which the fluid from the right side of the chest showed 
“large sarcoma cells with mitotic nuclei,” the diagnosis being confirmed 
at autopsy. Mitotic figures in the spinal fluid have been described by 
Widal and Abrami,’ and by Facchini® in cases of sarcoma involving the 
meninges. Marini and Fiorini® reported four cases of carcinoma with 
effusions and claimed to have found division figures in each. Their 
microphotographs, however, are not convincing. Their figures showed 
3. Reider, G.: Zur Diagnose der “Neubildung” bei klinische mikroskopischen 
Untersuchungen von Transsudaten, Deutsch. Arch. f. klin. Med., 1895. liv. 544. 

4. Dock. G.: Cancer of Stomach in Early Life and the Value of Cells in 
Effusions in the Diagnosis of Cancer of the Serous Membrane, Am. Jour. Med. 
Se., 1897, exiii, 655 

5. Warthin, A. S.: The Diagnosis of Primary Sarcoma of the Pleura from the 
Cells Found in the Pleuritic Exudate, Med. News, 1897, Ixxi, 489 

6. Turton, E.: The Cytodiagnosis of Pleural and Cerebrospinal Fluids, Prac- 
titioner, London, 1905, Ixxiv, 497. 

7. Widal, F., and Abrami, P.: Cytodiagnostie du cancer des centres nerveux. 
Présence de cellules néoplastiques dans le liquide eéphalo-rachidien endocardite 
végetante cancéreuse, Rev. Neurol., 1909, xvii, 75 

8. Faechini, G.: Un caso di sarcomatosi diffusa metastatica della pia meninge 
cerebrale e spinale con caratteristico reperto citodiagnostica del liquido cefalo 
rachidiano, Policlinico, Rome, 1908, xv, 977 

9. Marini, D. G., and Fiorini, M.: Valore dell’ esame istologico dei liquidi 
ascitici nella diagnosi della neoplacie peritoneali, Riforma Med., 1908, xxiv, 1. 
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cells with several separate nuclear masses but without mitotic skeins 


Such cells are found in a great many effusions other than malig 


nant ones. 


In spite of a careful searcl 
} 


eases adaiscovered 1n which exudates due to malig 


of the literature, the above were the only 
disease showed 
free cells undergoing mitotic division. It is probable, of course, that 
others have been observed and that a few reports have been overlooked. 
Raubitschek’® has expressed the opinion that division figures, typical or 


atypical, indicate the neoplastic nature of the exudate with a probability 
bordering on certainty. 
On the other hand, numerous effusions complicating malignant disease 
been reported in which division figures were not described. Seven 
such were reported by Ross," six by Schlesinger,’* five by Barjon and 
Cade, two by Gwyn,"* three by Miller,*® one by Vickery, Wright and 
Richardson,’® one by Miller and Wynn,'* two by Beneke,’* and one by 
Gulland.”” Labbé, DeLillie and Aguinet*® report a case of sarcoma of the 
pleura in which thev recognized sarcoma cells but were unable to find divi- 


sion figures. Nattau and Larrier** also recognized cancer cells in cases of 


cancerous pleurisy but were unable to find divisions. In two cases of mal 


nancy during the past year we were unable to find division figures. In 


many of the above cases division figures were expressly looked for while 
in others no mention was made of their absence. Malignant disease may 
cause exudates by a mechanical obstruction of the veins or lymphatics 


or by exciting a low-grade inflammation. In many of these cases, how 


10. Raubitschek, H.: Die cytologie der Ex- und Transsudate, Centralbl. f. d 
Grenzgeb. d. Med. u. Chir., 1906, ix, 337. 

11. Ross, E. A.: A Study of Cytodiagnosis with Especial Reference to Its 
Application in Clinical Medicine, Tr. Path. Soe. London, 1906, lvii, 361 

12. Schlesinger: Ueber das Auftreten von Mononucleose in Pleura exudation 
bei Lungen- und Pleuratumoren, Wien. Gesellsch. f. inn. Med. u. Kinderh., 1909 
xii, 960. 

13. Barjon, F., and Cadé, A.: Eosinophilie pleurale, Arch. gén. de méd., 1903, 
exeii, 1859. 

14. Gwyn, N.: Carcinoma of Abdominal Cavity. Puncture of Intestine During 
Paracentesis Abdominis, Am. Jour. Med. Sc., 1904, exxvii, 592 

15. Miller, J.: Transudates and Exudates with Report on Seventy-Five Fluids, 
Am. Med., 1904, viii, 835. 

16. Vickery, H. F., and Richardson, O.: Malignant Disease of Pleura, Boston 
Med. and Surg. Jour., 1907, elvii, 824 

17. Miller, J., and Wynn, W. H.: A Malignant Tumor Arising from Endo 
thelium of the Peritoneum and Producing a Mucoid Ascitie Fluid, Jour. Path 
and Bacteriol., 1908, xii, 267. 


18. Beneke: Ueber freies Wachstum metastatischer Geschwulste 
serisen Hihlen, Arch. f. klin. Med., 1899, lxiv, 237 

19. Guilland, G. L.: Cytodiagnosis of Pleural Effusions, Scot. Med. and Surg. 
Jour., 1902, x, 4990. 

20. Labbé, Delillie and Aguinet: Cytodiagnostic de la pleurésie sarcomateuse, 
Bull. Soe. d’anat. de Paris, 1902, Serie VI, iv, 507. 


21. Nattau and Larrier: Cytologie des pleurésies cancereuses, Compt. rend. 
Soc. de biol., 190 
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ever, tumor tissue involved the serous membranes and not a few authors 
regarded the cells present in the effusion as tumor cells. We have already 


mentioned the difficulty of recognizing free-growing tumor-cells in serous 
exudates. In Beneke’s third case, however, the cells showed pigment 
similar to that in the parent melanosarcoma and there was little doubt 
about their nature. In the great majority of cases, therefore, mitotic 
figures have not been found in the exudates accompanying malignant 


disease. Occasionally, however, they occur in such number as to form the 
most striking feature of the cell-count. 

There remains for consideration the occurrence of mitotic figures in 
the cells of exudates due to other causes than malignancy. Personal 
experience as well as a review of the literature indicate that mitotic 
figures are extremely rare in such exudates. Only two instances have 
been encountered in literature. One was reported by Dock in a pleurisy 
following the removal of a diseased appendix. This was probably of an 
infectious character as was shown by the large number of pus-cells and 
the presence of streptococci. The other was reported by Ross, in a patient 
whose clinical history suggested tuberculosis and who was in satisfactory 
condition eleven months after the tapping. In Dock’s case the number 
of mitotic figures was not very great; in Ross’ they were said to be 


numerous, and it is to be regretted that more data concerning this case 


are not available. The extreme rarity of mitotic figures in non-malignant 
effusions is now well established, for the active interest in cytodiagnosis 
during the past few years would certainly have brought to light more 
cases had they existed. It is probable, as Dock has said, that “the differ- 
ence between malignant and non-malignant exudates in this regard is of 


degree rather than of kind Where great numbers of figures are found, 
the diagnosis of malignancy is almost certain while, where few are present, 
the diagnosis is suggested but not certain. 

The cases showing numerous, actively-dividing cells, free in the fluid 
have occurred most frequently in cases of sarcoma. In Dock’s case, how- 
ever, the di 12NOSIS WAS ¢ olloid carcinoma. Beneke has described a case of 
carcinoma involving the pleural cavity in which balls of free-growing, 
unattached tumor-tissue were found in the pleural cavity. The cells in 
these balls frequently showed mitotic figures. In two cases of sarcoma, 
on the other hand, he found free, individual cells which he regarded as 
tumor-cells. He is inclined to explain the difference by assuming that 
in carcinoma new stroma was formed which held the cells together, while 
in sarcoma this was lacking and the cells appeared free in the fluid. 
When many mitotic figures are present the tumor-cells are proliferating 
actively in the body-fluids. The condition may be of some biological 
interest in connection with the fact that tumor-cells have recentlv been 
cultivated outside of the body. Their free growth in a serous exudate 
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THE 1RUHIVES O! INTERNAL VEDICINE 
» indicate that the body defenses have practically succumbed 


CONCLUSIONS 

many cells undergoing mitotic division in serous exudates a1 
enostic of malignant disease. 
occurs more often in sarcoma than in carcinoma. 
1all number of mitotic figures is suggestive of malignant dis- 

no certain value in diagnosis. 

majority of the exudates associated with malignant disease 
igures are seen. 


thank Dr. A. M. Barrett for the microphotographs which he so 
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PERCUSSION SIGNS OF PERSISTENT OR ENLARGED 
THYMUS * 


THOMAS R. BOGGS, M.D 


BALTIMORE 


Although we know verv little about the functions of the thymus, it 


has eertain clinical associations which make it important. and closer 
observation may enlarge our knowledge of its relation to disease. 
The gland occupies a position high in the superior mediastinum, lies 


close to the sternum and it is not covered by the lungs. Ordinarily the 
‘ohes are unequal, the left being the larger and longer, often extending 
as low as the fourth rib in infants. The gland is attached by one or two 
suspensory or thvrothymal ligaments to the lower poles of the correspond- 
ing thvroid lobes. Otherwise the thymus is but slightly bound to the 


surrounding tissues and is free to move in the direction of the long axis 
of the sternum. If it is borne in mind that the thvroid gland is in turn 
connected to the hvoid bone and from this to the mandible by more r less 


I l 


continuous ligaments and muscles, it is seen that a ligamentous chain 


extends from the anterior part of the lower jaw obliquely downward and 
backward to the thymus. 
This connection is of interest in explaining the mechanics of thi 


h] ] 


le thymus dulness described below: for in retraction of the head, 


movu 
more tension is brought to bear on the structures anterior in the neck 
than those lying close to the vertebral column, and these structures move 
through a greater are. 

In the normal atrophic state of the adult thymus, the small amount 
f } 


of gland substance and areolar tissue is too thin to give any appreciabl 


dulness on percussion over the manubrium, or just to the left of the 
sternal margin. But if, for any reason, the gland has not atrophied or 


1 at 


has become enlarged, then there is a dulness easily determined on medium 
percussion over the manubrium and in the first and second left inter- 
spaces. more rarely in the third interspace. In many cases, also, this 
dulness is perceptible to the right of the sternum in the first interspace ; 
less frequently in the second. 

The differentiation of duiness in the mediastinum due to thymus 


enlargement from other masses in this region will depend on several 


factors. 
*Read at the twenty-sixth annual meeting of the Association of American 
Physicians, Atlantic City, May 9-11, 1911. 
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1. The thymus is higher and more superficial than the mediastinal 
lymph-glands usually involved in tuberculous or other mediastinitis, or 
which may be the seat of primary or metastatic tumors. These lymphatics 
lie deep, near the hilum of the lung, and when diseased, are usually more 
or less fixed by adhesions to the surrounding tissues. It is further to be 
observed that thoracic aneurysms, tumors, or inflammatory masses of 
the mediastinum are practically fixed in position and no considerable 
change in percussion is made out, when the head is retracted. 

2. Thymus dulness is almost constantly much more marked on the 
left of sternum than on the right. 

3. Thymus dulness can be made to shift by the following maneuver, 
viz.: The patient sits up; the back is supported by the nurse or assistant, 
if necessary. The chin is depressed toward the sternum. The dulness 
is outlined behind the manubrium and in the interspaces, then the head 
is retracted as far as possible toward the mid-line of the back and, on 
repeating the percussion, the lower border of dulness will be seen to have 
shifted upward, often as much as an interspace or more. On again 
depressing the chin, the dulness assumes its former position. In recog- 
nizing minor degrees of movement, it is advisable to keep the pleximeter 
fingers constantly in place, avoiding the slight movement of the skin by 
first pushing the skin up toward the neck before the retraction of the head 
puts it in tension. 

Another point which may be noted here is the fact that in some cases 
of persistent or enlarged thymus, there may be no dulness in the first 
interspace, but only in the second and below it. In such instances, a 
shift in both upper and lower borders of dulness may be made out. 

The material on which these deductions are based was derived from an 
orphan asylum for colored girls and from the wards of the Johns Hopkins 
Hospital and the City Hospital. 

In the orphan asylum, sixty-six girls were examined during an epi- 
demic of measles. Of these, fourteen had the disease or were convalescent. 
In age they were between 5 and 18 years, thirty-seven of them between 
10 and 14 years. Of the sixty-six children, thirty-five showed positive 
signs of persistent or enlarged thymus. This number included twelve of 
the measles cases. All but three of the positive cases showed genera] 
lymphadenitis of varving grades; many had also hypertrophied tonsils. 

Of the hospital patients, fourteen in number, nine were between 8 and 
18 years, and five between 22 and 47 years. Of the fourteen patients, 
only five were colored. The children were nearly all sick with acute infec- 
tions, including typhoid, pneumonia, pleuritis, diphtheria, ete. Of the 
adults, two had exophthalmic goiter and two diphtheria, though it is 
to he observed that these last have still the same signs of enlarged thymus, 
@ year or more after the diphtheria. The extent of dulness varied from 


2 to 7 cm. from the midsternal line, the average being about 2.5 to 3 em. 
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Only two patients could be examined with Réntgen ray. Both had 
very large glands and showed a shifting shadow in the thymus region to 
left of the manubrium. 

One case of the series came to autopsy, when the percussion findings 
were amply confirmed by the presence of a gland measuring 9 em. by 
8 cm. by 2 em. 

In conclusion, it may be remarked that lymphatic hyperplasia seems 


to 


e more common in the black race, which may explain the high per- 
centage of positive findings in the orphan asylum children. 


This method is put forward tentatively and 


f l 


lor criticism, as it has 
not been noted in the literature on phvsical diagnosis. 


Special thanks are due to Drs. C. R. Austrian and W. L. Estes for assistance: 
in the study of the orphan asylum eases 


21 West Chase Street. 











NITROGEN AND FAT METABOLISM AND OTHER FUNC- 
TIONAL TESTS IN A CASE OF CHRONIC 
PANCREATITIS * 


HENRY G. BARBOUR, M.D 
BALTIMORI 

A case of chronic pancreatic insufficiency without diabetes will be 
reported here, with special reference to the metabolism of nitrogen and 
fat. A discussion of other functional tests of the pancreas is included. 
The patient was one of Dr. L. F. Barker’s in the medical clinic of the 
Johns Hopkins Hospital. This report falls under three general heads: 
(1) Clinical Course; (2) Metabolism Studies: (3) Other Functional 
Tests 

CLINICAL COURSE 


Patient.—Med. No. 24917. W. P. R., aged 34, attorney. Admitted Nov. 20, 
1909, complaining of indigestion and diarrhea. The following history was obtained 
at that time 

Family History.—Negative A long-lived healthy family. 

Personal History—He had had the usual diseases of childhood, and diarrhea 
of varying severity from the age of 3 to 13 years, malaria at 22, “eczema” with 
painful pruritus of arms, legs and back, from the age of 25 to 30 years. There 
were occasional attacks of sharp pain in abdomen during greater part of life. 


Alcoholic and venereal history were negative 


Present Illness.—Began September, 1908, with nocturnal attacks of severe 
pain in epigastrium. Occurrence every three or four nights, gradually increasing 


in frequency until occurring every night. Entered a hospital in North Carolina 
Nov. 19, 1908, with diagnosis of cholecystitis 

Operation Nov. 24, 1908. Pus was found in gall-bladder and about 75 gall 
stones were removed ranging in size from a wheat grain to a pea A few were 
found in the hepatic duct and one in the common duct. No bile in stools at time 
of operation Bile appeared first on the third day after operation. Left hospi- 
tal after one month 

Jaundice, present previous to operation, persisted until March, 1909. A skin 
rash on head, arms, legs and lower abdomen in the form of red concentric rings 
appeared with pruritus at close of January, 1909; duration three weeks 

Patient has not had a formed stool since operation. Stools are said to have 
been for the most part pasty, yellow or clay-colored. Feb. 15, 1909, diarrhea 
began, with one to five stools a day, continuing to the present time. Marked 
loss of weight 

Patient was in a sanatorium from March 25 to May 15, 1909, with temporary 
anasarca. Since then unable to work except a small amount in September, 1909. 
Has had no abdominal pain since operation and gives no history of excessive 
salivation. 


*From the Chemical Division of the Medical Clinic of the Johns Hopkins 


Hospital. 
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Physical Examination—A very much emaciated maz muscles markedly 
wasted. Extreme pallor of mucous membranes. Mind clear and active Eyes 
ears, throat, lungs and heart normal Pulse, small volume, regular in force and 
rhythm; artery wall slightly sclerotic. Abdomen scaphoid, walls thin Large 
operative scar in right upper quadrant. Liver edge slightly lower than normal. 
Spleen not palpable. Rectal examination negative Reflexes normal 

Urine Amber or orange color, slightly cloudy, specific gravity 1008-1020 
Acid. No sediment Sugar negative Albumin 0.25 gm Isuchiva reagent 
Microscopic examination negative Bile + Urobilin +4 Indican negative 
Cammidge reaction: No crystals were obtained from 50 cx From 4 liters, large 
yellow sheaves soluble in dilute sulphuric acid were obtained with melting 
point 130 F. 

Stools Macroscopic. Nov. 20, copious semi-solid, very fatty throughout, 
appearing like butter and giving the odor of butvyrie acid Large quantities 
of undigested particles of meat, potatoes, et After November 22, dark brown 
thick fluid, steatorrhea diminished or absent, still many undigested food par 
ticles. Stool sometimes showed oily layer over surfac Sublimate test for bil 
positive for urobilin, on one occasion shows bilirubin alse Occult blood test 
negative. Gross’ casein test showed presence of trypsin Schmidt’s nuclei test 


wed few nuclei intact 





Microscopic Neutral fat in amounts varying W th macroscopic appearance 
Large and small droplets staining red with Sudan III Fatty acid crystals 
Large numbers of striated muscle fibers, some showing nuclei intact No para 
sites. No stones of any sort. 

Blood.—Fresh smears normal R. B. C., 3.056.000. Later 4,000,000. W. B. ¢ 
7,000. Hemoglobin (Sahli) 70 to 79 per cent 





Stomach Contents.—Forty-five minutes after a Dock test breakfast (1 
shredded wheat biscuit with 400 ¢.c. of water), 40 e¢.c. of fluid were recovered 
containing no free hydrochloric acid rota! acidity 4.0 “acidity per cent 

Patient’s weig 100% pounds 

Subsequent Course Little change in condition during two weeks of metabo] 


ism studies. Weight varied as follows: November 28, 101 pounds; December 5, 
97 pounds; December 10, 9814 pounds; December 13, 101 pounds; December 
18, 103 pounds 

December 11, marked improvement began on light diet with pancreatin 
rhenania gr. iii p. ec. and CaCO, gr. iii p. ec. Daily examination of urine, while 


in hospital, gave negative Fehling’s tests without exception Left hospital 


Dec. 27, 1909, weighing 120 pounds, including wearing apparel 

March 1, 1910: Patient began to have formed stools. April 1910; weighed 
147 pounds. May 10, 1910; examination by Dr. Barker showed condition much 
improved, muscles growing rapidly. Patient works seven hours a day. Is taking 
6 gr. pancreatin (r) with CaCO, daily. August, 1910, discontinued all medica 
tion. Jan. 2, 1911, at work and quite well. Weight 158 pounds Examination 


of one day’s feces received on Jan. 27, 1911; rather large amount, color varying 


from brown to yellow; consistency, thick, pasty throughout; no lumps. Micro 
scopic: A fairly large number of muscle fibers with striations intact No nuclei 
seen. Numerous smal] and large fat globules (staining red with Sudan III 

Urobilin abundant. Trypsin: Gross’ test showed complete digestion of casein 


within fifteen hours 

April 26, 1911. Patient writes that he is doing an average amount of work 
and is in every way normal, except for some nervous excitability and an ocea 
sional slight attack of diarrhea. He weighs over 150 pounds, and has taken no 
medicine of any kind since last August, but still eats with regularity and care 

The cardinal symptoms of pancreatic insufficiency are diabetes, ste- 
atorrhea and azotorrhea. The last two alone are present in this case, 
indicating impairment of the external secretion onl) 
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Chronic pancreatitis with indications so characteristic is relatively 
infrequent for several reasons (Oser’) : 

1. For each digestive function of the pancreas, ferments in one or 
more collateral organs exist (e. g., lipase in the gastric juice, putrefactive 
enzymes in the intestine, proteolytic ferments in the gastric juice and 
succus entericus). 

2. Santorini’s duct may compensate entirely for the obliteration of 
the duct of Wirsung. 

3. A large part of the pancreas being functionally deficient, a small 
remnant will often suffice for the work required. 

t. Pancreatic disease is frequently combined with disease of neigh- 
boring organs, 

It has been suggested further, by A. Schmidt and others, that in 
simple obstruction the ferments may reach the intestine by way of the 
circulation. (Rosenberg explained the condition of his dog during the 
first month in this way. See Table 2.) 

Before a diagnosis of chronic pan¢ reatitis can be established, two 
other conditions must be considered in which azotorrhea and steatorrhea 
may occur: i. e., biliary obstruction and impaired intestinal absorption. 
The first, although it had played an important part in this case, was 
excluded by the absence of jaundice at the time and for the previous nine 
months. The character of the stools was distinctly pancreatic rather than 
biliary. Such conditions as amyloid disease, atrophy of the intestinal 
mucosa, tabes mesenterica and tuberculous peritonitis were excluded by 
lack of confirmatory evidence, history of cholecystitis and most con- 
clusively by improvement under organotherapy. Accelerated peristalsis 


and intestinal catarrh can cause marked protein and fat losses. 


METABOLISM STUDIES 

Literature: Clinical and experimental cases of pancreatic insuff- 
ciency have been compiled in Tables 1 and 2, respectively. They are 
selected chiefly with reference to studies in which the intake and output 
of protein and fat have been carefully compared. The later ones, as in 
this case, illustrate the effect of various therapeutic measures ; some older 
cases are included which exhibit features of special interest, although 
furnishing no quantitative data. 

Those of Kuntzman and Richard Bright were the first, in which the 
correlation of fatty stools with pan reatic disease was established. Fles 


first noted the presence of unabsorbed protein in large amounts, as well 


as fat, and was able to vary these conditions at will by the feeding of 
fresh pancreas. 
The first quantitative studies were directed toward estimating the 


rroportion of fat contained in the feces. This has been done in many 
] ) 


cases. Miiller gives 21 per cent. as a normal figure. Brugsch has con- 
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cluded that a fat content of over 30 per cent. of the dry weight of the 


feces suggests impairment in absorption. This can attain to 80 per cent. 


in icterus and the average for pancreatic disease 1s 60 per cent. It may 
be much lower when azotorrhea is marked. The point is one of com- 
paratively slight value, as Miiller states in his classical “Untersuchungen 
iiber Icterus.” 

Here he insists that the percentage of fat cleavage is far mor 


1 


significant. In his three cases, the average proportion of total fat found 
in split form is 39 per cent. ; 84.3 per cent. is the figure which he gives as 
normal. Katz holds that a cleavage of less than 70 per cent. indicates 
pancreatic impairment. Fitz,** in a compilation of ten cases of undoubted 
pancreatitis in which the fat cleavage was noted, finds variations all the 
way from 8.4 to 82.5 per cent. He concludes, that in general the view of 
Miiller is borne out, that fat-splitting is diminished. In nine cases of 
Alexander and Ury, the split fat varied from 9 to 86 per cent. Brugscl 

on the contrary, believes that in acute and chronic pancreatic disease, the 
fat splitting is practically uninfluenced. The soaps may be diminished in 
amount on account of decreased alkalinity. 

The absorption of nitrogen and fat in pancreatic insufficiency was first 
studied quantitatively in the well-known work of Abelmann. This was 
done on Minkowski’s dogs, immediately after the latter with von Mering 
had demonstrated the relation of pancreatectomy to diabetes. 

Ahbelmann obtained a higher degree of absorption when fat was fed in 
emulsified form (especially as in milk) ; nitrogen and fat absorption were 
both improved by the feeding of pigs’ pancreas or “‘pancreatinum.” 

Brugsch found, in contradiction to Abelmann, that fats in non 
emulsified form are not wholly unabsorbable for totally pancreatectomized 
dogs. He further believes that, in the human intestine, milk is no better 
absorbed in pancreatic insufficiency than non-emulsified fats. 

In thirteen of the clinical cases since that time, the average absorption 
of fat has been 45.2 per cent. of the intake (where the effects of organo 
therapy are excluded). The figures, however, have varied widely. In 
one of Brugsch’s cases with complete biliary and pancreatic obstruction, 
11 per cent. only was absorbed, while in the present case, on a low diet 
with fat given chiefly as milk, 95.7 per cent. was absorbed without 
therapy. There is good evidence that fat absorption fares worse wher 
pancreatic disease is complicated with icterus. 

In regard to nitrogen absorption, we have a more constant finding in 
the various cases reported. It is rarely found below 50 per cent. or above 
80 per cent. in chronic pancreatitis. The average of eleven cases in 
Table 1 (therapeutic effects excluded) is 63.2 per cent. Br h’s 75 
to 80 per cent. probably places it too high. He regards the nitrogen 
disturbance as quite secondary in importance to that of fat. Weintraud 


on ‘the other hand, probably came nearer the truth in attributing to the 
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nitrogen absorption figure, the greater importance in pancreatitis. It is 
more consistently low, and its significance is neither so much obscured 
by a complicating biliary obstruction nor as markedly affected by varia- 
tions in diet as is the fat. A third factor which may complicate the fat 
metabolism, is the diabetic acidosis. Brugsch brings this forward to 


] 7 b J ’ ry , , 
explain Sandmeyvyer’s experimental work (Table 2). in which the latter 





obtained absorption figures for fat varving from 0 to 78 per cent. 

Our metabolism work lable 3 and Chart 1 is divided into three periods 
Nov. 23-29 no therapy); Nov. 30-De« j hvdr lorie acid dil mx1 vith 
meals D 9-6 increatin gr. vi, t. i. d | Schmidt-Strasburg iet 
was give f the t 1 s It contains ne iv’s 1.5 liters 
milk, 100 om vieback, 2 eggs, 50 gm. butter, 125 gm. beef, 190 gm. potatoes, 
80 om. oatmeal This represents about 10.9 gm. nitrogen, 111 om. fat and 191 
om. carbo lrate, and is given in five separate meals \ mixed diet was given 
on the two following days, no analyses being made, after which were given 
special d s No. 3 and No. 4 These were similar to the Schmidt-Strasburger 
diet and the amounts of nitrogen and fat contained in each are noted in Table 3 

The total urine and feces for each 24-hour period was collected daily at 7 
a.m rhe analyses of excreta received on any given day are tabulated under the 
date immediately preceding 

The nitrogen estimations were made by the Kjeldahl method, and the fat 
was obtained by the usual ether Soxhlet extraction In general the laboratory 


procedures were the same as those employed by Brugs 


The tables show that the nitrogen absorption during the first period 
averaged 55.8 per cent. of the amount ingested. Hydrochloric acid was 


given during the second period, at the suggestion of Professor Barker, 


in the hope of favoring pancreatic activity by the stimulation of secretin, 


e patient’s condition be ng one of marked anat idity as stated above. 


th 
t 


The nitrogen absorption. however, fell to an average of 47.6 per cent. for 


these five days, thus confirming the statement of Ehrmann and Lederer*® 
that achylia and anacidity are favorable rather than inimical to pancreatic 


r the “nancreatin”’ pe riod, the nitrogen absorption cor- 


function. Durin 


responded very closely to that of the first period. 

In none of the four fat analyses were abnormal figures obtained. and 
we have noted above that the striking butter-like stools of the first few 
days were soon replaced by stools of a liquid brown character. The only 
explanation of this lies in the fact that after admission to the hospital. 


the diet contained limited amounts of fat given in easily absorbable form 
The nitrogen balance remained normal throughout the experimental 


period indicating that, in spite of deficient absorption. t 


e patient was 
not forced to draw on his rather meager supply of tissue protein during 


this time. 


days after the conclusion of the metabolism studies, and rapid improve- 


ment then ensued, 














0 el NUBLBG BasoayN 





( diosan avo ) 
Lt a Ct its OFT L'1¢ aorpda 1 } 10d 


















att eos SF 
ott 10 Of (ede oOo s Crs oo's | of Gt gt SII 
Crs GUL ts Li SSF OO 'v alt SS'ET | GSES | OLS | POST | OE'US | tl 
i tos oo’; 06° 00% LNs I 0% OLS ac 6 to £9 utd 
OFF oo oce TEs) OOS O26 [ Olt CLG OFL OGLUTL | OCR'T OGL oCco'l ony } l 
| } 
PIV {OOAPATT ON 1OULL 
I 9L19 == Wa 
' soe N POXTIN WUT 
& ON { 
4 9 S t t ry l on 65 So Ls £5 
606T 


& WMVL 








etm 





eee 





HENRY G. BARBOUR 671 


The relation of the nitrogen and fat to the total dry weight of the 
feces was: nitrogen (average of thirteen analyses) 34.4 pet cent.; fat 


¢ 


(average oi four analyses) 40.5 per cent. 
OTHER FUNCTIONAL TESTS Of} THE PANCREAS 
Of the many tests devised for ascertaining the functional condition « 
the pancreas, ut Tew have been proved of cl nical value 
As indicative of impairment of the internal secretion, Loewi** supple- 
ments the tests for glycosuria or low sugar tolerance, with his epinephrin 
mydriatic reaction. It is based on certain very obscure and complex 


relations between the glands of internal secretion and the nervous system. 





Chart 7 
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on which the metabolism studies of Eppinger?’ and others bear very 


interestingly. The practical value of the reaction is far from being 
established. 

For the study of the function of the external secretion are available, 
on the one hand, the end products of metabolism, and on the oth r, the 
amounts and distribution of the enzymes themselves. 

In addition to determining the presence of azotorrhea and steatorrhea 
and the quantitative study of these conditions with relation to the diet, 
we applied Schmidt’s nuclei test. Centimeter cubes of beef were enclosed 
in silk and hardened in alcohol. After washing with water for three 
hours, several of these were given to the patient. They were later 
recovered in the stools and studied microscopically after treating with 


acetic acid. Very few nuclei were found intact. This negative result is 
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of little value as regards the action of the pancreatic juice, for nucleases, 
irrespective of trypsin, may occur in the intestinal tract. Had large 
numbers of nuclei been found, however, or had only the peripheral fibers 
of each cube given evidence of digestion, the result would have been very 
suggestive of pancreatic insufficiency. 

The amount of lecithin in the feces was comparatively large in 
Deucher’s three cases of pancreatitis, and later workers have not disproved 
that such an increase may be of value as a functional indicator. 

Gerhardi,** in 1886, stated that, especially in intestinal obstruction, 
a low output of indican signifies decreased proteolysis, due to pancreatic 
insufficienc) Later observations on this point have been widely diverse, 
an increased output being shown in many cases. ( ontrolled tests showed 
no indicanuria in the present case, but it must be borne in mind that 
peristalsis was rather rapid. 

The pancreatic ferments themselves are made the basis of certain 
functional tests. For trypsin in the feces, we emploved the casein test 
of Gross.2® It is based on the fact that casein in an alkaline solution 
will disappear in the presence of trvpsin. The addition of dilute acetic 
acid demonstrates the presence or absence of casein after time has been 

: 


allowed for digestion. Trypsin was present in the feces during our 


metabolism work and in January, 1911. 

Goldschmidt® offers a quantitative modification of the Gross test. 

Schlecht,** following E. Miiller, demonstrates proteolytic action by the 
formation of a hole in solidified serum, on which a drop of the ferment- 
containing fluid has been placed. 

Sahli’s** well-known glutoid capsules resist gastric action, but are 
soluble in pancreatic juice. An indicator, such as iodoform, is thus set 
free in the duodenum, and may be detected in the saliva or urine. This, 
again, has been found an unsatisfactory test for pancreatic impairment. 
Its chief value is in indicating the motility of the stomach. 

The feces may be tested for lipase with the ethyl butyrate test of 
Kastle and Loevenhart. 

The third pancreatic ferment, diastase, was neglected as an indicator 
until 1907, when Ambard, Binet and Stodel** suggested that tests be made 
for it after administration of a purgative. Purging in the normal indi- 


vidual produces a stool containing abundant diastase. This test has been 


extended by Wynhausen,** using the method of Wohlgemuth., for detection 
of the ferment. 
We are not confined to the feces, however, for evidences of pancreatic 


Sant Too L. 
“Oll DIr€ak- 


juice in the alimentary canal. Boldyreff** has shown that an 
fast” will cause a back flow of pancreatic juice and bile from the duo- 


denum into the stomach. He gave 100 to 200 c.c. of 2 per cent. oleic 


acid in olive oil. One-half to an hour later he removed the stomach 
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contents, in which could be demonstrated the pancreatic ferments. Vol 
hard states that olive oil alone may be used According to Ehrmann and 
Lederer, the stomach contents, if acid, s 1 first be neutralized 

Salomon suggested the feeding of “pancreon” and s ir preparations 
as a therapeutic test of pancreatic insufficiene) 

The much discussed reaction of Cammidge** has yet to be mentioned. 


This worker has claimed a specificity for certain crystals obtained after 
a complicated chemical procedure in the urine of pancreatitis. Much 
} 


ence has now accumulated to indicate that the test is not only cumber 


some, but almost without significance. Last year Dr. G. H. Whipple*’ 
and others showed that similar crystals may be obtained from the products 


¢ 


tissues and other sources. Negative tests were obtained in 


} ae 


fifteen of nineteen cases of pancreatitis reported by Deaver' 


of autolvsis « 
in his recent 
discussion of chronic pancreatitis from a surgical standpoint. Kinney 
has reported 154 various cases in which the test has been applied. 

Cammidge himself has modified his procedure in several ways. For 
example, 10 c.c. of urine was at first asserted to suffice for the reaction; 
while his present method requires 4 liters — a very suggestive discrepancy. 

Using the “C” reaction, 50 c.c. of urine from this patient gave a 
negative result. When 4 liters were taken, large yellow “sheaves” were 
isolated which dissolved in dilute sulphuric acid. Their melting point, 
however, was 130 F., instead of 170 to 180 F., as observed by Cammidge. 
CONCLUSIONS 


1. The case described is one of chronic insufficiency of the external 


secretion of the pancreas subsequent to acute cholecystitis. 
2. There has been no diabetes at any time. 


3. While azotorrhea and steatorrhea were both marked features on 
admission, the fat absorption was over 95 per cent. during the metabolism 
observations. 

1. The nitrogen absorption during a period without therapy averaged 


55.8 per cent. While hydrochloric acid was given, the average was 47.6 


of the ingested nitrogen was absorbed. 


5. The nitrogen balance was normal during the metabolism wor 


6. Rapid improvement followed the administration of pancreatin 
. “ii 
(rhenania) and caiclum carbonate. 
7 None « the other functional tests apy ed to the case e sigt - 
rT Y > + 
8. From 4 liters of urine pical “Cammidge ils” w solated 
It affords me the greate leasure to express Pr | n 
ratitude. not onlv for the opportunit of earrving on this w r wards a 
the chemical laboratorv of the medical clinic, but also for is ! er i 


the work and his many helpful suggestions 
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I am further very much indebted to Dr. E. A. Slagle for most valuable 


assistance in the chemical work. 
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THE METABOLISM IN A CASE OF IDIOPATHIC 
OSTEOPSATHYROSIS * 


4. BOOKMAN, M.D 


To the kindness of Dr. B. Sachs, to whose service at Mt. Sinai 


Hospital this case was admitted on Oct. 16, 1909, is due the opportunity 
of making this study. A synopsis only of the history and clinical 


features 1s given, as the case will subsequently be presented from the 


clinical point of view by another hand. 


Patient B. G., male (admission number 111186); family history and pre 


vious history vield nothing of importance. Venereal infection denied; no drug 


habits; no acute infection preceding onset. 


Present Illness About fourteen months before admission patient broke right 


humerus in the upper third with very slight trauma lwo weeks after this 


injury he broke the left humerus in the upper third while raising the window. 
Both fractures healed very quickly. Following these injuries patient noticed that 


he was growing weak and thin; the muscles of both arms were beginning to 
atrophy and his strength rapidly diminished. Before the illness patient weighed 
130 pounds rhe atrophy of the arm muscles was followed by a rapid wasting 
of all the skeletal muscles. For twenty-four weeks previous to admission he has 


been unable to walk, and raises himself to a sitting posture with great difficulty; 





no pain or paresthesias. Five weeks before admission a bottle fell on his right 


arm and cracked the bone, as shown by a-ray Ihis fracture has since healed. 
Of late he has been complaining of headaches; no vertig no difficulty in swal 
lowing; no urinary disturbance; bowels constipated; appetite fair; vision and 
hearing good 

First Physical Examination October 6, 1909 General condition poor; 


patient pale and emaciated. 

Head: Fairly well formed; forehead receding Expression dull; no skull 
tenderness; marked general alopecia Speech normal. 

Eyes: Right pupil somewhat larger than left and irregular; pupils react 
promptly to light and accommodation. No palsies of orbital muscles; no nystag 
mus. Conjunctive pale; corneal reflex present. 

Face: No palsies; jaw reflex present; sensations normal] 

Mouth: Teeth and gums in very poor condition; marked fetor rhroat 
negative Pharyngeal reflex present 

Skin: Few seattered scars on back and extremities, not pigmented 
Glands: Palpable inguinals, axillaries, posterior cervical and small epi 


trochlears. 





*From the Laboratory of Physiological Chemistry, Mount Sinai Hospital, 
New York 








676 THE ARCHIVES OF INTERNAL MEDICINE 


Thyroid: Showed no evidence of abnormality 

Chest: Marked atrophy of all muscles. Narrow; emphysematous; marked 
depressi ns above and below clavicles 

Lungs: Posteriorly, marked hyperresonance over bases, otherwise negative 

Heart: Showed no abnormality Marked sclerosis of radial arteries ren 
sion normal, 

Liver and Spleen: Negative. 

Abdomen Superficial reflexes present cremasteric reflexes resent. No 
abnormality. 

Genitals Negative 

Extremities: Upper; No ataxia; no tremor. In upper part of left humerus 
there was a callus at site of the old fracture At junction of upper third and 


lower two-thirds of right humerus there was slight thickening of bone (old 


fracture). 





Lower: Patient walked with great difficulty; gait uncertain, waddling, “goose 
like.” Power in both legs equally diminished in all groups of muscles. No 
ataxia or tremor. Knee-jerks increased on both sides; achilles reflexes increased. 


No clonus, Babinski, Mendel, nor Oppenheim. Sensation normal 


October 18 (Dr. Sachs): Atrophy (especially of arm and leg muscles), and 
stiffening Considerable stiffening of upper part of spinal column Forearm 
muscles little affected, deltoids hardly. Interosseous spaces in both hands very 


distinct. Hand muscles wasted, especially hypothenar of left hand. Reflexes of 
upper extremities lively. On striking forearm at any point there is contrac- 
tion of biceps and pectoral group of same side. Grasp of both hands good. 
Difficulty in getting up from chair. Patient rises from chair as one suffering 
from muscular dystrophy and shows weakness of the deep spinal muscles below 


the mid-dorsal level. When placed on the floor and asked to rise, he is unable 


to do so, chiefly on account of the weakness of the spinal muscles, Marked 

atrophy both anteriorly and posteriorly of leg and arm muscles. There is no 

bulbar paralysis present. All muscular groups of extremities respond to strong 

faradism only. In some groups the response is feeble. No fibrillary twitchings. 
Course of Disease.—October 30: Sputum negative for tubercle bacilli. 


November 2: Condition much better; gained nine pounds since admission and 
is much stronget Able to rise from floor, but still with great difficulty. Local 
muscular irritability less marked. Oiherwise no change. 

November 3: No disturbance of pain or temperature sense 

Discharged Nov. 15, 1909. 

Readmitted Dee. 13, 1909 

Jan. 1, 1910: Complains of some pain in legs; has gained considerably in 
weight Able to rise from floor with assistance. Gait still waddling Weak 


ness of ilio-psoas muscles chieily; gluteal wasting. Wasting of arm muscles. 
less of intrinsic hand muscles Reflexes unchanged 


January 10: On discharge, condition about same as on admission; slight gain 
in weight 


Readmitted Dee. 20, 1910, complaining of marked weakness. 


Second Physical Examination General condition fair marked emaciation 
Pupils equal reacting | pper extremitics Limitation of motion of right 
shoulder joint and slight of left shoulder Marked atrophy of muscles of both 


forearms. Lower extremities: Loss of power in right leg; power slight in left. 


Marked atrophy in muscles of thigh. In middle of right tibia, on anterior sur 
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face, was a small swelling about three-fourths of an inch in diameter, fluctuating 
not tender, slightly movable Otherwise unchanged since last stay in hospital 
Vomited frequently on an December 23 

Died Dee. 29, 1910 psy was not permitt 

remperature uring earlier stays in hospita ilways below 99 
\ few days before death reached 99.4 F., and pulse w | id previously been 
normal in frequency, ranged between 90 and 110 Re rations, except iring 


terminal period, normal in frequen 


Wassermann and Noguchi reactions, Nov. 12, lI! 
Kaliski 


Blood Eramination Oct 19 1909: W B. ¢ ll 
hemoglobin 85 per cent Differential count: Polym 
lymphocytes 14 per cent small lymphocytes 10 per 


November 
mm, mercury. 


blood-pressure: Right arm, 143 mm 


Weights: 
Oct. 17, 1909: 86 pounds, 


Oct. 22, 1909: 89 pounds, 


Oct. 24, 1909: 9242 pounds, 


Oct. 31, 1909: 95 pounds, 
Nov. 7, 1909: 94 pounds 
Nov. 14, 1909: 96 pounds 
Dee. 17, 1909: 95 pounds 
Dec. 24, 1909: 94% pounds. 
Dec. 26, 1909: 95 pounds, 
Jan. 3, 1910: 98 pounds 
Jan. 10, 1910: 97 pounds, 


Weight not recorded during last stay in hospital 


000 R B. ¢ 4.300.000 
iclears 76 per cent large 
cent 

mercury Left arm, 138 


Average daily amount of urine passed during stay in hospital: 2200 cx 


Specific gravity of single specimens varied from 100 
albumin; no sugar, acetone, nor diacetic acid was for 


and granular casts in small number were repeatedly 
Réntaen Ray Examination Dr. L. Jaches Oct 

plate of the left shoulder shows the head, anatomical 

humerus to be cystic; the shaft shows a sponge-like 
Oct. 27: Two radiographie plates of hips and right 


condition of bones with partial and irregular absorpti 


If this case be considered one of osteopsathvro 


1. There is no hereditary element in the et 


As far as could be ascertained, there is in the 


1 


only one case In whi specia mention 1s n 
l. Schultze, I Arch. f. klin. Cl Langenbe S 


$4 to 1034; faint traces of 
ind at any time Hlyaline 
found 


24, 1909: One radiographic 


and surgical necks of the 
appearance 
shoulder joint show evystie 


; 4 , r rd 

? 

literature of this disease 

ace oO! the presence oO 
IS94, xIvi p29 











678 THE ARCHIVES OF INTERNAL MEDICINE 


muscular atrophy. Here it is mentioned that with otherwise well- 


developed musculature, there was marked atrophy of the muscles of the 
calves. The presumption is that it was due to disuse. Poirrier? regards 
the muscular atrophy as the result of multiple fractures. This atrophy, 
he states, most often relates only to the muscular groups in relation to 
the fractured bone. Larat, Roger and Voisin,* in a recent study of the 


muscular reactions in their case found marked diminution of the electrical 


f 


reaction of the muscles, this being general and not confined to the site of 
fracture. They consider the muscular lesions as contemporaneous with 


the osseous changes, as they appear to have been in the present case. 

As to the chemical composition of the bones in osteopsathyrosis, we 
have only the statement of Enderlen, who reports that in his case there 
was an increase of organic substance and a decrease of mineral matter. 
The diagnosis in this case, however, appears to be open to doubt.* 

No case of osteopsathyrosis has been investigated with reference to 
the metabolism. The only statement bearing on it is that of Blanchard, 
who found an increase of P,O, in the urine. This finding taken by itself 


is of no value. 


RESULTS OF METABOLISM DETERMINATION 


I, DAILY URINARY RESULTS 


Date Total Creatinin Creatinin Creatinin Amount 
N N N in % of in ¢.c, 
Total 
Urinary N 
12/19/09 11.656 0.9525 0.353 3.02 2350 
12/20/09 13.204 0.764 0.283 212 2380 
12/21/09 9.243 0.634 7.235 2.55 1680 
12/22/09 13.995 0.942 0.349 2.49) 2340 
12/23/09 10.643 0.700 0.265 2.47 2210 
12/24/09 8.561 0.554 0.205 2.39 2080 
Totals 67.392 4.528 1.688 
Creatinin coefficient — mgm. creatinin nitrogen excreted daily per kilo body 
0.281 
weight — — 0.0065. 
3 
Average of daily creatinin nitrogen in percentage of total urinary nitro- 
gen — 2.5 


2. Poirrier, H. A.: L’osteopsathyrose, Thése de Paris, 1906-07, p. 103 


3. Larat, Roger and Voisin: Compt. rend. Soc. de biol., 1909, Ixvi, 728. 


4. Schmidt, M. B.: Ergeb. d. allg. Path., ete., 1897, iv, 576 
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II. SUMMARY OF RESULTS FOR SIX AY PERIOD 
Element Urine Feces lotal rotal Balance 
Exe rete ‘ in I a ‘ 

CaO 6.2826 7.2853 13.5679 8.6279 $.04 
MgO 0.5711 0.7576 1.3287 1.1458 0.1829 
rotal P 2.5666 0.8601 3.4267 3.986 L 0.5593 
Total S 6.3838 0.7822 7.166 8.0642 0 8089 
Total N 67.392 10.904 78.296 89 085 110.789 

Ill. ANALYTICAL METHODS 

The metabolism was studied for a period of six days, the patient being allows 

to eat freely of the ordinary hospital diet Each portion is weigh or 


measured and an equal amount was sent to the laboratory for analysis 


the food was collected for the period, dried on the water-bat reduced to a fine 
powder and sampled for analysis.® Only distilled water was consume Salt 
butter and bread were weighed off in a quantity sufficient for the six ivs rh 
amount used was computed and these substances, except the butter, were adde 
in appropriate amounts to the samples of food taken for analysis Butter For 
calcium, magnesium and total phosphorus 30 gm. were digested in Kjeldahl sk 
with H,SO,, made up to 1000 ¢.c. and of this solution 100 ¢.c. taken for each 
analysis. Total sulphur was not determined in butter on account of the diff 
encountered in making fusions Neuberg® states that there are on] traces 
present. 

rhe stools were marked off with charcoal at the beginning and the e1 of 
the period. 

Urine was collected for each twenty-four-hour period, and separate determina 
tions of nitrogen, creatin and creatinin were made. 

Total sulphur, total phosphorus, calcium, and magnesium were determined 
on a mixed specimen consisting of aliquot parts Of each day's urine 

All determinations were made in duplicate, and analyses were repeats n 
the results for the pairs did not agree 

lotal nitrogen—Kjeldahl. 

Creatin and creatinin—Folin 

Magnesium and calcium According to the method of MeCrudden’ except that 
the calcium was weighed as CaSO, 

fotal phosphorus and total su!lphur—Fusion with solid sodium hydrate ! 
potassium nitrate Fusion mass dissolved in hot water, made strongly th 
HNO, and precipitated as ammonium phosphomolybdate \ was dissolved 
in ammonia, precipitated as Mg NH,PO, and weighed as Mg,P,O fotal sulphur 


weighed as BaSQ,. 
The diet for six days was as follows: 


Dec. 18: Milk. 32 oz.: Meat, 147 gm.; Vegetable, 210 gm.; S« up, 14 « ( 


5. MeCrudden, F. H.: Jour. Med. Research, 1903, iv, 135 

6. Albu and Neuberg: Physiologie und Pathologie des Mineralstoffwe 
Berlin, 1906 

7. McCrudden, F. H.: Jour. Biol. Chem., 1910, vil, 83 
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Dec. 19: Oatmeal, 120 gm Milk, 24 oz.: Egg, 180 gm.:; Cracker, 17 gm.; 
Water, 40 oz.: Zwieback, 17 gn Meat, 195 gm.; Cocoa, 8 oz.; Potatoes, 
120 om Custard, 30 gm.; Ice Cream, 65 gm.; Apple Sauce, 140 gm.; 
Prunes, 55 gm. 

Dee. 20 Meat, 92 gom.; Oatmeal, 117 gm.: Cabbage, 112 gm.; Milk, 16 oz.; 


Custard, 40 gm.; Water, 40 0z.; Soup, 8 oz.; Cocoa, 8 oz.; Cream, 1 02z.; 
Potatoes, 110 gm.; Orange Juice, 34 oz.; Rice, 145 gm.; Farina, 183 
Egg, 93 om 
Dec. 21 Oatmeal, 45 gm.; Water, 48 oz Milk, 40 oz.;: Coeoa, 8 oz.: Meat, 75 
on Riee, 135 gm Potatoes, 114 gm.:; Custard, 75 gm.; Prunes, 60 
gm.; Soup, 8 oz.; Cream, 1 0z.; Apple Sauce, 175 gm.; Egg, 94 gm. 
Dec. 22: Oatmeal, 220 om.; Egg, 160 gm.: Milk, 40 0z.; Water, 40 oz.; Chicken, 
60 gm.; Rice, 180 gm.; Potatoes, 150 gm.; Soup, 8 oz.; Custard, 35 gm.; 


Cream, 1 oz.; Farina, 205 gm. 


Dee. 23 Oatmeal, 200 gm.; Egg, 45 gm Milk, 16 oz.: Water, 3: 


32 oz.; Cocoa, 8 

oz.; Potatoes, 100 gm.; Soup, 8 o Chicken, 70 gm.; Rice, 160 gm.; 
Cabbage, 100 gm. 

From Dec. 18 to 23: Bread, 639.2 gm.; Butter, 92 gm.; Salt, 13 gm. 

Except in one particular — the small retention of magnesium — my 
results are strikingly similar to those of MeCrudden® and the less com- 
plete findings of earlier workers on the metabolism in osteomalacia. It 
will be noted that hand in hand with a retention of nitrogen went a 
relatively enormous loss in calcium and a retention of sulphur and of 
phosphorus. The loss of calcium occurred in spite of a large excess of 
this element in the food over the normal needs of the human body. 
Towle® found that CaO, 0.014 gm. per kilo body weight, were needed 
daily. Renvall*® found that an adult man needed Ca 0.7 (CaO 0.98) per 
day. The patient under consideration received daily CaO 1.322 = 0.03 
per kilo. 

In this case the muscular atrophy and weakness were prominent fac- 
is of interest to note that in part the findings are paralleled 
by those in cases where muscular atrophy was not complicated by such 
obvious bone lesions. 

Thus, Johannes Mueller™ states that in a case of progressive muscular 


atrophy, there was found an increased excretion of sulphur and calcium. 


" + 


This. however, he ascribes to a secondary atrophy of the bones. Pember- 


ton, in a case of myasthenia gravis, found a marked loss of calcium 


i 


amounting to 8.888 gm. in the ten days of the investigation. In another 


paper’? he states that no study of calcium metabolism is on 
record, in either muscular dystrophy or Thomsen’s disease. In his case 
8. MeCrudden, F. H Am. Jour. Phvysiol., 1905, xiv, 211: 1906, xvii, 211. 
9. Towle Am. Jour. Med. Se., 1910, ex], 100 


10. Renvall, G.: Skand. Arch. f. Physiol., 1904, xvi, 94. 


ll. Mueller, Johannes: Habilitationsschr., Wurzburg Abstr. in Arch. f 


Verdauungskrankh., 1897-98, iii, 282 


12. Pemberton: Am. Jour. Med. Se., 1911, exli, 253 




















of mvotonia atrop! a. studi nv d s vit t 
balance of 28.265 om. there was a negative cal n balance 

In both of the above muscular diseases hi 1 a decrease of 
in the urine as compared with the norma Spriggs!* f 
relationship in progressive muscular dystri mvasthe! g 
amvyotonia congentita, 

The creatinin findings in the case under cons tion 
obtained on a meat-free diet. On this account the creatin é 
given. The amount of preformed creatinin is, however, so littl 
by a moderate amount of meat in the diet'* that i S] 
factor The creatinin ratio i his case was OI < t y, W 
mal, which is from 7 to 111 
to total urinarv N is cons ww that ! t rn 
{ 5.9). Whet er T Be iT ons} ) one wo ict } } 
the muscular changes present nlaved a minor! I f a 
changes in the mineral metabolism can be determined o1 
calcium and creatinin determinations in suitab ses 

Mention has already been made of the similar f tl I 
this case to those in osteomal 1. The latter seas s beet 
by castration, and McCrudden, in his case, found the conse nt 
ment in the symptoms to be accompanied bi leium retent 
before there had been a loss. Similar results were obtained 
Of late this disease has been shown to be amenable in some 
injection of epinephrin Boss so believes t this : 
similar influen n tl pely l mities ¢ I ets 

Carnot and Slavu"* have shown that in dogs injected sub 
Wi eping n (ci rh 4 rer } } Oss t nis 
than in controls. They state that it seems to cause « 7. e} 

These facts and many others point to a close relatior 
changes in the bones ar in calcium metabolism, and the fur 
the organs of internal secretion. Thus, Tansk and Vas?’ n 
loss 0 n acromeg O ! 

13. Sy] ros: Quart. Jou M L907 68 

14. Van H nhuvse and V« g Zits f vsiol. Chen 108 
Folin, O Festschr. f. Hamn sten. Upsa 1906: Klere Ott f 
chem. Physiol. u. Pathol., 1906, viii, 60. Shaffer, P. A.: An 
1908, xxii, 449 

15. Bossi Centralbl. f. Gvr 1907 Nos s and 6 St ( 
Sel iz. Aer 1909, xxxix, 433 

16. Centralbl. f. Gyniik., 1907, xxxi, 156 

17. Carnot and Slavu: S« I 1910. Ixvi 83? 

18. Tansk and Vas: Pest. 1 Press 1S99, xxx 194 

19. Oberndérrfer, E Ztschr. f. klin. Med... 1908, Ixv, 6 
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loss amounting to CaO 8.77 gm. in a ten day period. In cretinism ossi- 


fication 
Various observers have recently shown in experiments in animals that 


ectomy leads to marked changes in the bones, rendering them softer 


and more flexible,2! or leading to spontaneous fracture.** These changes 


. ° 
} 


marked in very young animals in which the bone is found 


replaced by cartilage.** Klose and Vogt** have found that 
uses a reduction of more than one-half in the calcium 


content the bones, and Fraenkel*® states that the thymectomized ani- 


] 


} 


cium as the controls. 


; 


mals excrete more than twice as much ca 
hvroidectomy, McCallum?* fou 
urine. Other observers have had varving results. 
pophysis Franchini** has found that injection of its extract 


calcium and magnes 


ficit, and a smaller loss in 
f 


‘he influence of the isolated posterior lobe on metabolism 
was espe ially profound. Falta** also states that the hypopl vsis has a 
very marked influence on calcium and magnesium metabolism. Malcolm?® 
found that feeding the dried glandular portion caused increased calcium 
excretion with a considerable increase also in magnesium, and that the 
dried nervou tion also i ‘ alcium excretion, but that magne- 
sium is less affected. ‘ith » fresh gl however, calcium retention 
ensued. 

These facts have been mentioned because the coincidence of rapid 
wasting, spontaneous fractures, and a marked polyuria (which does not 
ser ( adequately explained by the slight evidences of nephritis) 

some disturbance of the org: yf internal secretion. 

is may have played an important part here is sug- 

summary’ of the results of injection and feeding 

his gland. He states that “in the posterior lobe or its 
is a substance which raises blood-pressure, dilates 


causes diuresis, and, when given subcutaneously or injected 


periods of time, is likely to produce marked nutritional 


M. B.: Ergebn. d. allg. Path., 1897, iv, 617. 

Jahrb. f. Kinderh., 1906, Ixiv, 285. 

Arch. f. Kinderh., 1911, Iv, 1 

Arch. ital. de biol., 1909, lii, 217. 
Klose and Vogt: Beitr. z. klin. Chir., 1910, Ixix, 1 
Fraenkel, S.: Dynam. Biochemie, Wiesbaden, 1911, 447. 
McCallum and Voegtlin: Bull. Johns Hopkins Hosp., 1908, xix, 91. 

ini: Berl. klin. Wehnsehr., 1910, xlvii, 613 


Wien. klin. Wehnschr., 1909, lix, 1059. Falta and Iveovic, ibid, p. 


30. Cushing, H Amer. Jour. Med. Se., 1910, exxxix, 475. 


29. Malcolm, J.: Jour. Physiol., 1903, xxx, 270 
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THE COAGULATION-TIME OF THE BLOOD AS AFFECTED 
BY VARIOUS CONDITIONS 


MYER SOLIS COHEN, M.D. 


PHILADELPHIA 


An estimation of the coagulation-time of the blood is of little value 


unless one is acquainted with the many factors that affect it. Some of 
these factors are extrinsic, acting on the shed blood; others are intrinsic, 


} 


e blood while it is still in the vessels. Of the former factors 


acting on tl 


many are introduced by the method employed for measuring the clotting- 
time. The clotting-time obtained by any one of the different methods 
emploved is influenced by the factors of error inherent to that method. 
It is important, therefore, to be familiar with the sources of error 


1 


inherent in the method used. 


1. METHODS EMPLOYED FOR MEASURING THE CLOTTING-TIME OF 
THE BLOOD 


The methods employed for measuring the coagulation-time of the 
blood may be grouped according to the similarity of the factors involved. 
In one group the blood is received in capillary tubes, in another on wire 
loops; the contour of the drop is observed in several methods, the move- 
ment of the corpuscles when a current of air is directed against the drop 
in others, and the first appearance of shreds of fibrin in the drop in still 
others. Some methods require the chemical treatment of the drop. 


I. METHODS IN WHICH THE BLOOD IS DRAWN INTO CAPILLARY TUBES 
1. Vierordt’s Method.—Vierordt allowed the blood to flow into capil- 
lary tubes, 1 mm. in diameter and 5 em. long, until a column 5 mm. long 
was obtained. A white horsehair, about 10 cm. long, was introduced 
into each tube and drawn out slowly from time to time. It is not colored 
so long as the blood remains fluid. Coagulation begins when shreds of 
fibrin cling to the hair, and is completed when no more coagula are 
leposited on it. 
2. Koffman and Lidsky’s Modification of Vierordt’s Method.—Koff- 


man and Lidsky made possible tests at a constant desired temperature. 


A corked glass tube is passed through the cork into a horizontally placed 
thermoflask, filled with water of the desired temperature, usually 15 C. 


] 


Extending into the glass tube through its cork, are a thermometer 


and a metal rod, to which are clamped in line small capillary tubes 


through which a horse-hair passes. 
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G86 THI 1RCOHIVES Of} INTERNAI VEDICINI 
: 
f 1 s’s Modification f McGowan’s Method.—Addis places : 
MeGowan’s tubes in a glass cylinder which is placed in a m¢ evlinder : 
covered \ isbestos, the lid of which has three openings: one for the : 
part cont ng the capillary tubes, one for a brass tube containing a 
therm ter, and one for a tube through which hot wate s introduced : 
so that both « ders shall be filled with water maintained at a constant 
temperature of 20 C. He does not regard as indicating the end point of 
( n the fin ament of n seen when the end of the tube is 
( ! mut re ds rather t vearance of a thread of fibrin only | 
e ) 
in the n ood \ddis takes the average of three tubes ; 
4 
7. R s Modification of McGowan’s Method lo heat e tubes . 
at a tL te erature Rudolf emplovs nt vac in ottie, replacing 
ts ordir ( with a rubber o1 ted in three places to ace 
teat ymeter and two brass tubes, 7 inches long an st x . 
: 
s MM ¢ Modifica n f WecG n’s Method The b of the j 
{ s immaterial in Mercier’s met which otherwise is the 
same as McG n’s to the point ne t tubs hen, instead of 
St { ‘ ot tf t Merci ) ys ( »> at one I 1 @iass 
sul si the end of t { e uses the sealed en s a rod to 
dip ! I et I ( n the dro ) ) noting Ss coag tion the 
I } 
ve aennit ment at which t On vs from the dt a fine read : 
ol | n 
9. § Ve j Sabrazes IS99 devise met \ e 
erfected five and seven vears afterwa His t es, in whi coag ition 
s det I n the same manner as in MeGowan’s met ire 5 en 
ong with an inter diameter of 1 mm. ‘Three s tubes are filled 
th t cond, tl ind fourth drops, respe ely, that exude 
pl so that the column of blood occupies about the mi ( e tube 
sabraze sa e mat! previous to the commencement « the « I 
ment al soon as he fills the tubes, places them in close prox t 
the fin » of a special thermomete n the per compartment « , 
giass \ I nto two parts a giass partition, t ywwer co irt 
ment containing hot water in winter and ice in summer, so as t een the 
temperature at 18.5 ( 
10. Schultz’s Met Schu n lifies the capillarv tube vy having 
one 4 inches long blown out into twelve or more regular expansions—tiny 
bulbs, or |] w beads—with short spaces between. The tube is filled 
with blood and at definite intervals the beads are broken off. one at a : 
time, and shaken in a measured quantity of phys wical salt solution. 
He designates as the end stage that point at which the bead remains filled : 
with the clot and on shaking it only a very sma quantity of red blood 
cells drops into the solution to color it. 
; 
] 
a 
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Itt. MI 


1. Biffi’s 


THODS IN 


Vethod. 


WHICH THE BLOOD IS 


forated co! ntaining a thermometer, w 
and ag ( tube into which 1s lused 
fas! mn l loops of 3 to 4 I 
loops are t ed to the surface of a dro; 
i film of I Che loops are then placed 
to a‘ ta nt th water at 20 to 25 ¢ 


ani s int ced into the wate \\ 

hlaod no ne liffuses into the 

put I Tected as a solid red 1 
ca e VWodit / , RB 

loops 1 nent DY I the w ’ 

loop unalterably ed on ittle sta H 
3. Buckmaster’s Met B nast 

6 to 9n n t ne diameter and 4 in 

inum, silve ron. This loop is swept t 

touching the ski The loop is g n S| 


Kept at a temperature ¢ 


of the loop being clamped in a holder 

mencing in a horizontal position, it 1s rota 
position al 1 examined with a magnifica 
When the corpuscles in the film 1 onge 
gravit I a clear space above, but t 
opacit ighout, coagulation has occurre 


BLOOD I8 Ol! 


IV. METHODS IN WHICH THI 


OF FIBRIN 


sit ( : mentioned by Mur i 
| ed na < il iss slide and its consis 
moving the drop with a needk When tl 


Biffi’s apparatus con 
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fibrin shreds are thus demonstrable, coagulat 
ilar method is described by da Costa. Severa 
of the same s ire collected on the surface « 
slide At r intervals of about one minute 
is lightly t 1 through each drop in success 
delicate thr f fibrin may be observe 1 « ng 
2 \ V fj j ~ W » Ose ed 
threads 1 hanging drop. He takes a sn 
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drop of distilled water on a glass slide let into th of a box wit ) 
: vhich water is kept at a constant mean temperature of 18 ( Fine rods 
: 
; oO wlass are passed t! rough the n ture f ] re vat evel half 
i : ' 

minute until a thread or a mass ¢ Dri S } 


: s e wit SIX cone ities, which he fills wit pure ¢ ve oO (ne drop 0 
ylood is allowed to fall in each co1 tv and every half 1 fine 
; wire, usually one used for cleaning hypodermic needles, is passed throug! 
; one of the drops from below upward to the middle, so care that the 
To} snots vider | ] ug! t the test t slid es kent t+ 9 temre 
iture of 20 ( Coagulation has oct ed when a ont « o s raised 


V. METHOD EMPLOYING ACTIVATED SERUM 


Vorawitz’s Method.—The method described by Morawitz and by Birn- 


haum and Osten is based on the theory that blood-serum, made very 


cool in a beaker until the pressed-out serum settles The latter is 
I ved, centrifugated, and eventual! I red l'o equa ts of this 
serum (5 e.c.) the same amount of a « normal solutio fs um 
I rate is added and aft 1 < I an hours tion the e is neutral 


, 
n ot 1 rin ( ( if ed ron ~ ’ 1 test 
nd pet roy » 1 0 the m 
Ibe ind wit i ette everal ¢ S ) ) { 
’ ? becomes ( itl! ‘ t «¢ ( ? t 
\ rn) T +} ( 2 ' 
el t i = opt Lo I 
\ METHOD EMPLOY! 4 CO i S ‘ 


( ntemesse’s Met ( ntemess es 
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ture being received and preserved in fine pipettes, like Wright’s, and at 


he end of an hour a glance at the pipettes shows whether the coagula- 
bility is equal to, or greater, or less than normal. 


MEASURES THE MECHANICAL RESISTANCE OF 
COAGULATING BLOOD 
Koff man’s Coagulo-Viscosimeter.—Koffman devised an intricate appa- 


ratus in which the blood is received in a nickel vessel with an internal 


, ] L- 
ans OL A ClOCK- 


r of 1 em. which is rotated in a water-bath by me: 


motor so that it makes twelve to fifteen turns per minute; projecting 


into the middle of the vessel is a sn all silver blade fastened to a 


shaft, the upper end of which is connected with a pointer on a dial with 


100 divisions. One end of a fine mainspring is attached to this shaft. 
the other end being fixed. This prevents tl 


with the blood in the vessel and permits only a certain amount of turning. 


The amount of turning for the time being is proportional to the degre 
of coa ilat on of thy bh] od ri xamined al | s easily read on the dial. A 
curve is made, the height representing the degree of turning and the base 


es from the moment of puncture. 


CONTOUR OF THE BLOOD 


ENDING ON CHANGES IN THI 


1. Ilayem’s Method.—In Havem’s method, as described more full) 
bv Bezaneon and Labbé. a flat-bottomed glass test-tube, about 5 em. high, 
with an interior diameter of 7 mm., is filled to a height of 3 to 4 en 


with blood as it flows from the wound. The tube is tilted 
coagulation being completed when the blood becomes so s« lid that the 
level no longer changes with each movement of the tube. 

2. Milian’s Method.—In Milian’s method a rather large drop of blood 
is allowed to fall on a glass slide, which at intervals is carefullv tipped 
vertical Coagulation has occurred when the drop, inste id of becoming 
tear-shaped on tilting the slide, does not change its shape, but remains 


Bezancon and Labbé’s Modification of Milian’s 
Labbé let three drops of blood fall on three 
under a he ir and examine from time to 

1. Hinman and Sladen’s Modification of Milian’s Method.—Hinman 


and Sladen pick up a series of drops touching a slide to the drops and, 
placing the slide on a millimeter rule, wipe off all drops whos diameters 
are less n 4 mm. or greater than 5 mm. On tilting the slide, tl 
observe not only the contour of the drop but also the changes in densitv 
when held to transmitted light, the dense portion being in the cente 
when coag tion has occurred and at the lower edge when the drop is 
‘ill | 
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5. Schwarz and Ottenherq’s Modification of Milian’s Met 
Schwarz and Ottenberg take a drop of blood, 5 mm. in diameter. from a 


prick in the finger, on a cover-slip, which they invert on a hollow ground 


slide and ring with liquid petrolatum to prevent evaporation and exclud 
air currents. They determine the moment of coagulation by the failure 
of the drop to sag when the slide is tilted. In a personal communication 
a couple of years ago Dr. W. M. L. Coplin described to me a similar 
method he has used. 

6. Duke’s Modification of Milian’s Method.—Duke’s apparatus con 
sists of a glass slide on which are mounted two 5 mm. disks. On one 


disk is placed a drop of the blood to be tested and on the other a drop of 
normal blood, the two arops being of about the same de pth. The slide 


is then inverted over a tumbler nearly full of water kept at 40 C. and is 
covered with a warm damp cloth. When tested by tilting the cloth 1s 
removed and the slide taken up from the tumbler. 

7. Author’s Modification of Milian’s Met! l. Instead of a slide I 
use the lid of a German stender-dish, which I cover with the dish as 
soon as the drops are obtained. I measure the drops while covered and 
regard only the drops of proper size. Before the finger is punctured, 
and immediately after the drops are measured, the dish is placed in a pan 
of water, which is maintained at a constant temperature of 37 C. As the 
majority of my tests mentioned in this paper were made with this method 
I shall describe it in detail. 

My coagulometer consists of a German stender-dish, 80 mm. in diam 
eter and 40 mm. high, a pan big enough to hold the dish and fitted with 
rmometer, an ordinary 


bath-thermometer, a broad elastic band, a piece of rubber tubing, a clamp 


an outlet tube and a bracket for supporting a th 


and a millimeter rule. I use an oval zine pan, with perpendicular sides. 
As zine is not acted on by water, it is preferred to tin, which rusts, and 
to copper, which turns green. (An ordinary five-cent tin baking-pan w 


et which a tinsmith will pu 


answer, however, with an outlet and a bri t 
in for ten cents.) The rubber tubing is attached to the outlet tube and 
clamped 

In employing this method, the under surface of the lid of the stender 
dish is thoroughly cleansed with soap and water and then with alcohol. 
and dried. The rim of the dish is smeared with hvdrated wool fat (lano 
lin) or petrolatum. The lid is then adjusted and held in plac 
rubber band. The pan, with the thermometer in place, is partially filled 
with water of a temperature of 37 C (98 F.), that temperature being 
maintained by the addition of hot or cold water. Any excess of water is 
allowed to-escape through the outlet. The dish is placed in the pan of 


water with the lid undermost 
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The patient’s finger is thoroughly cle 
with aleohol, and dried. 


rapidly dried, and the elastic 


sharp, lane yinted instrument is made 
flows freely without undue pressure. The 
is made of the exact time the second d 


The stender-dish 


band is rem 


RNAL 


ansed with soap 


wed. A deey 


reaches sufficient size it is tou to the uppermos 
inverted lid the stender-dish, which is held horizonta 
on it. The finger is again wiped « ind several other « 
similarly, the time of the appearance of « being note 
four drops, placing one in each quadrant, and ma t 


with a pen or paraffin pencil. The dish 


diameter of the drops measured by passing 


is best to disregard all drops whose diam 
or more t i S mi The rubbe r band 1s 
Is again placed in the water-bDath 


this must be done cautiously to avoid the 
can be he verti r} ntour of t 
and the density S ¢ served on tu | view 
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| } ] 
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time obtained with one instrument is eight minutes and in a certain 
disease the clotting-time is six minutes, this latter may be expressed as 
6-8, or 0.75, or 75 per cent. of the normal. 

2. Reducing the Clotting-Time Obtained with One Method to the 
Terms of Another Method.—Another method of comparing re ords taken 


l } 
} 


with different instruments is to reduce one to the terms of the other by 


means of proportion; i. e., the normal time of method A is to the norma! 
time of method B, as the clotting-time in a certain disease taken with 
method A is to X, which is the abnormal time obtained by the A method 
expressed in terms of the B method. Thus, the abnormal time, six min- 
utes, just referred to, would be expressed in terms of a method that gives 
the normal clotting-time as four minutes, by means of the following pro- 
portion: 


Eight min. (normal time of first method): 4 min. (normal time of second 


method 6 min pathol. time according to first method X—3 minutes 


(pathol. time expressed in terms of second method). 
3. FACTORS AFFECTING THE CLOTTING-TIME OF SHED BLOOD 
The great variations in the clotting-time found by different observers, 
and even by the same observer, are doubtless due to factors of two kinds: 
intrinsic factors affecting the blood itself while still in the vessels, and 
extrinsic factors, affecting the blood after it has left the vessels. 
] 


i@ss 


Of the factors affecting the clotting-time of shed blood, some doubt 
have to do with the manner in which the blood is drawn, while others 
1 


are connected with the method employed for measuring the clotting- 


time. 


I. SOURCES OF ERROR IN THE METHOD EMPLOYED FOR MEASURING THE 


CLOTTING-TIME 


The methods employed for measuring the clotting-time often them- 
selves contain many sources of error. Some coagulometers are devised 
particularly to avoid certain of these factors Undoubtedly there are 
causes of error that now are not even recognized. 

1. Contact with Foreiqn Body.—Contact of the blood with anvthing 
except the intact endothelial lining of the vessel, oil, petrolatum or paraf- 
fin, shortens the clotting-time, the degree depending on the character and 
the size of the contact surface. Blood which Freund found to remain 
liquid when received in a greased vessel clotted when an ungreased glass 
rod was brought in contact with it. A portion of this blood, however, 
clotted in a few minutes when placed in an ungreased dish. 


1. The writer in September, 1908, presented a paper before the Medical Society 
of the State of Pennsylvania in which a number of these factors are described. 
Solis-Cohen, Myer: Factors Influencing the Coagulation Time of the Blood, Penn. 
State Med. Jour., 1909, xii, 953. 
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tupes, especia l eadet and wire oops are not § eas 
s are glass slides, the lid of a stender-dish, and the smooth 


rlass cone. 
5 ind Shane of Drop Hartman, Bezancon and Labbé, and 
and Sladen believe that the size of the drop has some influ 
ng-time. but Biirker thinks not. Addis states that if the 


arop does not come abs lutely up to the edge of the surface 


cone of the Brodie-Russell instrument, the stream of oil will not 

t te the same wav: again, that the drop is then not always 

ir il tline. and the flow of corpuscles is liable thereby to be 
ystructed. 


ter than ? mm. Often the clotting-time was the same in drops 


smeter measured 4 mm. at one extreme and 8 or 9 mm. at the 


tained from the same punctu! nd examined at t same 
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alr In b ood exposed to the all coagulation was seven- 
ite longer when the hur tv was 75 or above than when 





net} man and mod ication 
meth ds In whi 1 one drop or several drops of hlood are 
ir straw, the blood is 


de and tested with a needle, wire, « 
to evaporation. Those methods 


and consequent! 


air 


ey Ose ) 
there can be used only in a closed room. In Bezancon and Labbé’s 
ind D s modifications of Milian’s method the slide is exposed to the 
w! it is examined. The thir lm used by Buckmaster and 
Billi s must have a tendency to evaporate Air is definitely blown 
on t of blood in the Br -Russe ipparatus and in the Pratt 
Griitzner and Boggs modifications of it. the force and frequency of this 
disturbing feature natura varving \ the operator The blood is 
protected from drafts in Schwarz and Ottenbere’s and 1 modifications 
of Milian’s method and in the methods emptoving capillary tubes, which 
the re can be used in a ventilated ward, or in the open air in the cas 
of cons t or pneumonia patients 
fe l tur Pratt, Mur; and Gould, McGowan, and 
His I Sladen are of the opir n that coa latior s not apni 
affected by moderate variations in the t erati ut present no 
’ of of this assumption. M Biirker, Bezancon a 
Labbé ty 1} rn, Der and Helln I \\ and Jace t. on the othe 
I issert T it | t act | rates coag lat mm. W e { | ret rds nis 
ction s definitely been shown experiment: to b ict by Addis 
Brodie and Russell, Fox, Hartman, R If, Vi ht an Si 
\\ nd the clotting-time t e tw t Oo min s when : 
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! seconds en t t registered 37 ( Brodie and 
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e test is 1 makes a difference of about one minute in the 
( ry I re 
\ddis constructed a chart showing a regular decrease in the clotting 
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ext nary variations in coagulation-times obtained use of 
these methods to be to a great extent due to variations of the temperaturs 
s exert an 
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\ tends to spread when deposited on a cool glass surface, and. 
eIng w, clots more quickly than a similar drop deposited on a 
warm & ice, where it remains hig 

( c neters that seem to keep the blo nd at a cor Stant temperature 

thoroughness with which the ccomplish this. Den nd 
Helln nt out an error in the gauge of the capillary t s, stating 

[ t ness of the class affects the 1 ipidity ( warming nd emp a- 
sizil e need of very thin tubes \ccording to t Wright’s home- 
e more accurate than those s d t nstrument- 
make The stender-dish I use is of rather th class 

In S izes’ method, in Addis’ modification of MeGowan’s method. 

! vn method the tube or dish containing the b s removed 
fror o be tested, during wl t s tem ture tends to 
7. te the room temperaturt Addis has recently stat that fur 
ther nce with his modification o MeGowan’s ( ss n 
T t the re s cannot be relied on if t room tempe ture 1s above 20 C 

(GS F.). ¢ ceulation-times tft en on t Summer days w nt tem! 

, the ward was above 20 C. w found to be shorter than normal 
altho t temperature within the apparatus was t 20 | si 
higher erature outside, accordi to Addis, must ‘ ! 
acceler 1 the coagulation, although it had an opportu to act only 
during the relative short time during whi the tubes e removed 
from tl paratus for examination. A large part of the difference in 
the « n times of people in health, he thinks, was no doubt due to 
this « Se 

Addis found it impossible to maintain a constant temperature in 
Brodie-Russell’s, Biirker’s, and Buckmaster’s instruments. There seems 
t e lit loubt that Addis’ modification of the Brodie-Russel! instru- 
ment Wright’s coagulometer maintain an uninter ted constant 

8. Dilution the Drop.—Biirker states that the dilution of drops of 

vd | no influence on the coagulation-time. Stodel, however, demon- 
strated that blood diluted with a solution of sodium chlorid 9 to 1,000 
coaguiat more slowly than pure blood, and also that t create t 
dilution the more slowly coagulation occurred 

9. E Point Adopted.—The end-point adopted in the different meth- 
ds I ting that coagulation has occurred is not wavs accurate, 

d definit The methods employing capillary tubes, as well as 
se in which the blood is watched for the appearance of fibrin threads 

e ] y the same end-point. According to the investigations of 
Addis. B master, Fox, and others, this is not sure proof that coagcula- 

n g red in the whole drop, as a thread of fibrin several n 
ters long can often he demonstrated ten seconds after the blood has 
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been drawn, when t blood is touched with a nee or with a glass sur- 
face. In such a case there are no other signs of coagulation and the 
same drop may give a coagulation time of seven or eight minutes. The 
conditions under which this phenomenon occurs are present when the 
blood is blown out of one of Wright’s tubes and the tube is slowly with 
drawn from the drop, and are always present in Mercier’s method. 

Those methods having as an end-point a loss in fluidity, as Havem’s, 
Brodie and Russell’s and its modifications, Milian’s and its modifications, 
and Buckmaster’s, are subject to a source of error in that the change 
in the physical character of the blood may be due to agglutination of the 
corpuscles 

In Brodie and Russell’s method and its modifications the end-point 


1e same in the hands of different observers. Addis men- 


is not always t 
tions three possible stages, sixty and fifty seconds apart, which might 
be adopted as indicating coagulation. Hinman and Sladen divide into 
four stages the changes in the movement of the red corpuscles set up by 
the blowing. They believe that Pratt and Murphy and Gould adopted as 


an end-point the stage they label C, while Brodie and Russell used stage 
D, the stage Hinman and Sladen finally used themselves. 

10. Personal Equation—I regard the personal equation as a very 
important factor. To it I attribute largely the fairly constant results 
obtained by each investigator with the instrument he has devised or is 
accustomed to, when others obtain discordant results with the same 
methé@. Whatever the factors of error, they usually remain about the 
same when the test is always performed in exactly the same manner. 


Familiarity with a method and facility ir 


its employment even lessen the 
effects of sources of error connected with it. In Milian’s method and its 
modifications, for instance, that man will disturb the drop least who 
needs to tilt the drop least often and who can observe its shape most 
quickly. As already mentioned, the determination of the end-point in 
several of the methods, particularly Brodie and Russell’s, is often a 
matter of personal equation. In the latter method the force and fre- 
quency with which the bulb is compressed, affecting two factors—the 
draft of air and the mechanical disturbance of the drop, depend on the 
individual compressing it. The manner of obtaining the drop of blood 
and the rapidity with which it is transferred to the apparatus undoubt- 
edly varies with different workers. 

Complicated methods, and those requiring technical skill. expr rience, 
and powers of observation of a high order, are most likely to be affected 
by the personal equation. A coagulometer, to be reliable, must give the 
same kind of results in everyone’s hands. 

11. Unrecognized Causes of Error—There are many sources of error 


not recognized at present. These probably explain the curious results 
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that are sometimes encountered. The coagulometers that always give con- 
stant results under the same circumstances are probably freest from the 
unrecognized factors of error. 

With my method results are fairly constant. Four drops taken in 
succession from the same puncture usually coagulate in about the same 
periods of time. The results obtained from two different punctures, 
made fifteen to thirty minutes apart, are as a rule fairly constant. This 
probably means that unrecognized sources of error have been reduced to 
a minimum. 

Havyem’s method gave unsatisfactory and discordant results in his 
own hands, the time varying greatly in one and the same animal. 

My own results with Wright’s tubes were unsatisfactory. It was often 
my experience that the blood in eight tubes filled from the same puncture 
did not coagulate in equal periods of time. Wright’s method proved 
unsatisfactory in Brodie and Russell’s hands, successive observations 
taken at intervals of five to ten minutes not giving concordant results. 
In the hands of Murphy and Gould it failed to give results in 15 per cent. 
of the observations. In a certain number of cases the blood would not 
adhere to the lumen of the tube, a fact they were unable to explain. They 
found in blood from healthy subjects variations between one and seven 
minutes, which extremes they attribute to technical errors. Turner, using 
Wright’s tubes, often found a difference of over two minutes in the blood 
from three successive pricks in the same individual on different fingers? 
on only three occasions in over 1,000 observations did he find the same 
coagulation rate in the blood from three consecutive pricks. In nearly 
50 per cent. of the forty-three estimations made by Addis with Wright’s 
tubes, only an approximate time could be arrived at, because coagulation 
occurred in one tube although it was not present in others until later. 

The Brodie-Russell instrument failed in less than 5 per cent. of the 
observations in Murphy and Gould’s hands, but it gave variations in 
blood from healthy subjects between one and seven minutes. Pratt noted 


extraordinary variations in the coagulation-time taken with his modifi- 


cation of this instrument, the time in one case varying from two to nine 


and one-half minutes within half an hour. Addis in over 200 estimations 


with Pratt’s or Bogg’s modification of the Brodie-Russell coagulometer, 
found that with its use the time varied considerably in consecutive obser- 
vations on the same person, a time of four minutes being followed by one 
of twelve minutes, and so on, without any regularity. 

Bezancon and Labbé found inexplicable variations in their modifica- 
tion of Milian’s method, sometimes the first drop, sometimes the last drop 
coagulating most quickly. Hinman and Sladen found their modification 


of Milian’s method to be thoroughlv reliable. In mv hands also it has 


civen satisfactory results. 
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II. COMPARISON OF THE DIFFERENT COAGULOMETERS 
The methods of measuring the coagulation time that are freest from 
sources of error are Addis’ modification of Brodie and Russell’s method 
and my modification of Milian’s method. ‘The former is probably the 
most accurate of all, but is too intricate and cumbersome for general 
application, being fitted chiefly for laboratory use. 


My coagulometer seems to me to combine simplicity with accuracy. 


It can be made and used by any physician and is easily carried about. 


At the same time it presents a contact surface limited in extent, clean, 


} 


and uniform in character, maintains a fairly definite and constant tem- 

















BS-C. 1905, E e 

Author’s Coagulometer; A, ordinary bath thermometer; B, zine pan (common 
tin pan will answer C, German stender-dish; D, lid of German stender-dish; 
E, rubber tube; F, clamp. 


perature, prevents evaporation, provides for drops of uniform size, largely 


1bU) / 


eliminates the personal equation, and presents fairly constant ré sults. 


While less accurate than the above, Milian’s method is the simplest of 
all, requiring merely a plain glass slide. It is always available and as a 
rough test is to be recommended. 


“ACTORS DEPENDING ON THE MANNER THE BLOOD IS 
are some conditions affecting the coagulation of shed blood 


which are not produced by the instruments used but have to do with the 


manner in which the blood is drawn. 
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1. The Part Punctured.—Murphvy and Gould found no marked differ 


coagulation times of blood drops taken from different 


ence between the 


points on the surface of the body, provided the flow had been equally 
free. It was Pratt’s experience also that there were no characteristic 
differences in the coagulation time dependent on the part examined, 
although he remarks that blood from different parts of the same indi- 
vidual, examined at the same time, showed striking differences in the 
coagulation time. Hayem, on the other hand, using his own method in 
simultaneous observations, obtained clotting-times of nine minutes in 


blood from the ear and two minutes in blood from the thigh. 


», Contact with the Tissues. That contact with the tissues shortens 


the clotting-time has been noted by many observers, some of whom vari- 


attribute this influence specifically to the wound, the blood, lymph, 


} 


It is the coagulant action of the tissues which, according to Delezenne, 


clotting of blood at the surface of the wound. Span- 


i i 


causes imme 
garo also has shown that blood taken directly from a vessel takes a much 
longer time to clot than when it first comes in contact with the tissues. 
Coagulation was equally hastened when a small portion of muscle or 
glandular tissue was introduced into the tube where the blood was 
received directly from the vessel or when the sides of the tube were 
merely rubbed with the tissues. 
A. Influence of the Wound: Del 
in half a minute to two minutes when allowed to come in contact with the 


zenne showe d that bird’s blood clots 


wound, but remains unclotted for two to eight days when drawn directly 


from the vessel through a glass tube. 
Arthus showed in dogs that the coagulation of blood flowing on the 
wound was always more rapid than that of blood received in a tube— 


forty seconds, for example, instead of three minutes. By allowing a 1 to 


100 sodium chlorid solution to fall drop by drop on the surface of an 
exsanguinated cutaneous wound he obtained a saline lavage water capable 
of hastening coagulation of the blood. Making the lavage water flow 
over the wound several times in succession increased its coagulating 
powe Be 

Milian and Addis believe that fibrin ferment quickly forms and col- 
lects around the lips of the wound, and tends to shorten the coagulation- 
time of the blood which follows. Spangaro states that when a portion of 
tissue is placed in blood obtained without contact with the tissues coagu- 
lation is not so rapid as when the blood comes in direct contact with the 
wound. 

Mellanby gives a detailed theoretical explanation, stating that when 


a blood-vessel is so injured that blood may escape from it, the injured 


< 


vessel-wall or the surrounding tissues liberate kinase. This kinase enters 
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into the blood and there finds all the necessary factors for the production 
of fibrin ferment—prothrombin and calcium salts. Fibrin ferment is 
therefore formed and since the association of the prothrombin with the 


fibrinogen entails that the ferment produced is in molecular proximity 


to the fibrinogen, coagulation of the fibrinogen ensues in the shortest 
possible time. 
Bernhei -_ tly lamoanctratad ynerimenta + + 1 the 
jernheim very recently demonstrated experimentally that in th 


blood-vessel wall itself there is a substance which, once the vessel is 
injured, probably aids in the formation of a clot. 

B. Contact with Blood: When the drop to be tested comes in contact 
with recently shed blood a very marked diminution in the clotting-time 
results. Addis attributes this to the addition to freshly issuing blood of 
preformed fibrin ferment. Spangaro has shown that contaminating the 
sides of a tube with blood hastens the coagulation of blood that is received 
into it without having come into contact with the tissues. 


In drawing blood for testing, t] 


} } 


erefore, it is absolutely essential that 
all trace of one drop be removed before the next appears, 

C. Contact with Lymph: Wright pointed out the influence of lymph 
in decreasing the clotting-time, as shown by the admixture of blood to 
fresh lymph, muscle juice, and blister fluid. The acceleration of coagula- 
tion when pressure is made on the tissues he attributes to the driving of 
lymph into a bleeding wound, and contrasts the short coagulation-time of 
the “mixture of blood and lymph obtained from a small occluded punc- 
ture on the finger” with the much longer coagulation-time of the blood 
issuing spontaneously from a free puncture. The effects of the wound 
and of blood he believes to be due to the admixture of lymph contained 
by blood leaving a wound. 


Pratt has found that an increased amount of lymph in the tissues 


does not accelerate the coagulation-time, blood from very edematous 
tissues not coagulating more rapidly than blood from non-edematous 
parts of the body. 


D. Influence of the Skin: Milian believes that there exist in the skin 


substances that accelerate coagulation. Hinman and Sladen found that 


the longer a drop is in contact with the skin surface, the more rapidly it 
clots when transferred to the instrument, each second of contact added 
shortening the coagulation-time by minutes. They also state that the 
more rough and scaly the skin, the quicker is the normal clotting. Addis 
compared the coagulation-time taken when the blood was protected from 
contact with the skin by smearing the surface with hydrated wool fat 
(lanolin) before the puncture was made, with the time taken t rd 
narv wav. This showed that contact with the skin for the short period 
which elapses before the blood can be introduced into the ay iratus 


no al prec iable effect. 
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It is quite possible (if not probable) that the influence supposed to 
be exerted on the clotting-time by contact with the wound, the skin, blood 
and lympli, are all due to one and the same factor, the action of fibrin 
ferment which, as Mellanby has stated, does not circulate in the blood 
but is produced when any tissue is injured so as to liberate thrombokinas 
in the blood-stream. 

3. Depth and Character of the Wound.—Pratt found the clotting- 
time to be influenced by the depth and extent of the cut. If a large, deep 


cut were made, from which the blood flowed freely, the coagulation-time 


was relatively slow, while blood from a smal! superficial cut coagulated 
quickly In one case, for instance, blood from a superficial] cut of the 
skin coagulated in two minutes, while blood from a deep cut in the same 


individual coagulated in seven minutes. Murphv and Gould furnish an 


explanation of this phenomenon, stating that if the needle-prick is deep, 
the rapid flow of blood will wash away the ferment and prevent immediate 
coagulation, while the reverse is true of a superficial prick. They regard 
as obvious that the prick should be deep enough to cause a free flow 
of blood. The accelerated coagulation of blood from a superficial punc- 


} } 


ture Hinman and Sladen attribute to the longer contact of the blood with 


the skin, owing to its slow and scanty flow. 


it 


On the other hand, Addis has found that there is no appreciable 


difference in the coagulation of blood from deep and superficial punctures. 


In eight comparative observations the average time from deep punctures 


was eight minutes, eight seconds, and from superficial punctures, eight 


at, provided 


minutes, four seconds. It has been my experience also, t 


the puncture is fairly good and made with a sharp, lance-pointed instru 


i ii- 
ment, it introduces no element of error. 


4. Rate of the Flow.—The rate of flow of blood from the wound. pro- 
vided it is fairly free, does not affect the clotting-time, according to m 


i 


experiens Addis, however, states that the rate of flow has proved to be 
of importance in so far as it affects the time during which the blood is 


exposed to the air before its introduction into the apparatus. He believes 





air to have a marked influence on coagulation: its temperature is vari- 
able, and dust particles no doubt attach themselves to the drop to a 
able extent during its exposure to the air. In a more recent article 

e st : that imount of thror ‘kinase, wl 1 is one of the mos 

mportat tors determining the coagulation-time in the blood flowing 
oO iv s mainly determined the eth of time during whic! 

t has be tact with the exposed tissues in the wound. Too lon 
contact with the skin, according to Hinman and Sladen, is the element 


of error in a slow and seantv flow. In one of their cases there was a 


clottine-time of twenty-three and one-half minutes when there was a 


ee! ng hemorrhage and eighteen and three-quarters minutes when 
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the flow from a second puncture was scant) \t 


rapid flow, the time was twenty-two minutes; wi 


flow, fifteen minutes. Murphy and Gould, as mentioned bef 


the longer coagulation when the flow is free to 
ferment. Asa rule the rate of flow depends on th 
5. Pressure on the Part.—Pressure on the 


blood introduces a factor of some importance in 


’ 
} 


a 
e 


Tyé 
pe 


T 
rr’ 


of pressure exerted. In ten normal persons blood 


pressure and tested with my coagulometer c! 
tenth minutes. In six cases in which but slight 


coagulation-time was seven and one 


in which the pressure was more marked the time 


same was true of tuberculous patients (whos 
100 cases was five and one-sixth minutes). Thx 
of ten patients with no pressure was six and one- 


} } 
} 


patients with slight pressure four and seven-ei 


naif minutes, 


washing 


irts 


t 


epth of the 


Us 
me with free 
irat Vi SiOW 
ore, attribute 
away of the 
he puncture 


n expressing the 


ion 


to 


the 


. 
degree 


obtained without any 


otted in 


PSS] 


six patients with greater pressure four and one-quarter 


case was much pressure exerted. 
Wright, Milian, and Pratt also found the el 
pressure on the tissues, Wright attributing it t 


into a bleeding wound. Addis, on the contrary. was n¢ 


pressure makes any appreciable difference, the av 


with pressure being eight minutes, five seconds, 


eight minutes, four and three-quarter seconds. 
6. Staqe of the Hemorrhage.—That the last 
quickly than that drawn first is stated by Hewson. 
von der Velden, Cohnheim, Arthus, Bezancon 
Addis. This refers to both large and small he 


marked in the former. Milian, and Hinman and 


at the beginning or end of a hemorrhage clot more r 


in the middle; the last believes this to be due to t 
an evidence of the influence of skin contact. 


Addis was able to de monstrate that a rapid 


tion of the coagulation-time o s as the hen 
the first blood to appear from a wound clotted ir 
seconds; blood flowing from the wound 

fifteen seconds; after two minutes in three mim 
ttributes this change to the influence of fibrin 


1] } } 


carefully with water, alcohol, and ether. Rudolf 


20 C. the | lood from the first dr p coa ruiated 1n 


drawn 


Nasse, 
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instances 
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from t sal wound two minutes later in 

seconds, the wound having been carefu wipe 
second drop was taken. On another occasio 
stances, the respective readings were eight an 


and second drops at a two-minute interval. 


7. Congestion of 


to constricting the fingel before « iwing ylood 
tion of the part from which the blood is ta 
the clotting-time, the explanation being that 

lation-accelerating substances from t ssut 
Wright states that venous congestion by ligatu 


to the effect of carbon di 


He produced 


believing it due 


ldis found no such cl 


A ange, 
in one arm by the application of a Bier’s band 
average of twelve comparative estimations of 


taken from the congested fingers was eight 
the average ti 


Ivy 


me of blood taken m the 


fre 


minutes, fi one seconds. 


54. INTRINSIC FACTORS, PROBABLY 
THE VESSELS 


In addition to errors in techni 


} 


that 


blood, there are probably other factors that 


] 


ylood while still i 


ol 


n the vesse 


bility of the | 


ences: conditions the body, normal and 


introduced into the body from without. 


I. EXTERNAL CONDITIONS (MI 
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CLOTTING-TIME AT DIFFERENT TEMPER 


Obtained with author’s coagulometer 
Normal and Non Cases of 


Pubercu 
até 


Number 

Number of observations 

Av. clotting-time minutes 
Max. clotting-time (minutes 
Min. clotting-time (minutes) 


time. 
und it exercised ver 


at variance In thirty-nine 


lous cases and in ninety-seven tuberculous cases. 


TABLE 4.—CLOTTING-TIME AT DIFFERENT DEGREES OF HUMII 


Normal and Non Tuberculous Cast 
luberculous Cases Humidity 
With a Humidity of 
75 and loy 75and Below 
Above 7i d 75 
No. of cases 19 
No. of observations 21 
Av. clotting-time (minutes) ase 
Max. clotting-time (minutes) 12% 12% 
Min. clotting-time (minutes $ 3% 


} 


Robertson and his assistants, as mentioned 
did affect the clotting-t 
RB rrometr i Pre Sssure. 


i 


AT DIFFERENT BAROMETER PRESSURES 


amie 3 


aS 


No of cases 

No. of observations 
Aver. clotting-time (minutes 
Max. clotting-time (minutes 


et etl © hae gp ase 


Min clotting-time minutes ) 
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4}. Amount of Sunshine.-—Note was made of the number of hours 
of sunshine on the day of the test in ninety-seven cases of tuberculosis. 
On the davs when there were more than eleven hours of sunshine the 
clotting-time was half a minute longer than on days when the hours of 


sunshine were eleven or less. 


TABLE 6 RELATION OF THE CLOTTING-TIME TO THE AMOUNT OF SUNSHINE 


—Cases of Tuberculosis———— 





11 Hours of Sun Over 11 Hours 
shine or Less of Sunshine 
Number of cases $5 5 
No. of observations 52 7 
Aver. clotting-time (minutes) 5°/, - 
Max. clotting-time (minutes) 10% % 
Min. clotting-time (minutes 2% 2% 


II. CONDITIONS AFFECTING THE BLOOD ITSELF 

There are a number of conditions within the body itself that exert 
some influence on the clotting-time. Several affect the blood directly, 
ile others have an effect on the body as a whole. 
1. Viscosity— Buckmaster states that the viscosity of the blood as 
determined by Hiirthle for animals and Hirsch and Buck for man, is 
found to be inversely related to the coagulation-time, and that the less 
the viscositv the greater the time. In Addis’ cases, however, no relation 
ippeared to exist between the viscosity of the blood and its coagulation- 
time Delaved, normal and accelerated coagulation-times were all 
observed in different cases where there was undoubtedly an increase or 
decrease of viscosity. Addis thinks the belief that there is a connection 
between viscosity and coagulation is due to the fact that, unless special 
precautions are taken, when the blood has an increased viscosity, it 
takes a longer time than usual to flow from a wound, and takes up more 
thrombokinase, and so gives a shorter time than normal blood or blood 
in which the viseosity is low. In my own cases the clotting-time was 


onger in the viscid than in the non-viscid drops, as may be seen from 


TABLE 7 RELATION OF THE CLOTTING-TIME TO THE VISCOSITY 


Normal Cases luberculous Cases 
Viscid Not Viscid Viscid Not Viscid 

Number of cases 8 5 5 91 

Number of observations 8 5 37 22 
Aver. clotting-time (minutes) 10 83 5% 54 
| - neer clotting-time « s¢id drops mav be due to the wt that 
scid drops are deeper or higher than drops of low viscidity having the 
same diameters, and consequently contain more blood. The drop of low 


viscosity, being shallow, is therefore more likely to evaporate and to 


1 } 


veecome dry around the edges than the more viscid and consequen 


tly 
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TABLE 8 RELATION OF HEIGHT oO} CLOTTING 


Cases of Tuberculosis 


No. of cases 
No. of observations 
Aver. clotting-time (minutes) 
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the view of many that a high leukocytosis 
coagulation. Stessano and Billon attempt to show by experi- 
e blood’s content of fibrin ferment is in proportion to the 
kocytes it contains. Arthus and Milian both regard fibrin 
» product of the secretion of the white blood-cells. Stessano 

- 


has advance he hy pothesis that of the different kinds of leukocytes the 


mononuclears are more particularly concerned in caring for the elabora- 

ferment. He thinks, moreover, that the fact that lyn ph 

es spontaneously proves that the mononuclear leukocytes, which 

are the only elements normally figuring in lvmph, are well capable of 

setting free fibrin ferment. In Addis’ cases, on the other hand, no 

evidence was obtained of any connection between leukocytosis and coagu- 

lability. All varieties of coagulability were seen, in cases both with and 
without leukocytosis. 

Duncan says too that in cases of high leukocytosis, as in pneumonia, 
he could not determine that the coagulation-time was hastened. Accord- 
ing to Coleman, however, when leukocytosis occurs, either as the result 
of some pathological condition or of the hypodermic injection of a drug, 
lengthening of the clotting-time of the blood accompanies it. 


No definite relationship could be made out in my cases between the 
clotting-time and the total number of leukocytes or of the number of 
mononuclear cells. In thirty-three cases (excluding those of pneumonia) 
in which the clotting-time was two and one-half minutes, cr longer, as 
determined with Wright’s coagulometer at 37 C., the average number of 
leukocytes was 8,671. In forty-three cases (excluding pneumonia) in 
which the clotting-time was less than two minutes, the leukocytes aver- 
aged 8,176. Adding two cases of pneumonia to the former group and 
fifteen cases of pneumonia to the latter group brings the average number 


of leukocytes in these groups up to 8,994 and 14,017 respectively. In 


one case of pneumonia the clotting-time was estimated six times during 


the course of the disease. The average clotting-time of the first three 


} 


examinations, made when the leukocytes averaged 50,653, was two min- 


utes, ten seconds: the average time of the last three, made when the 


leukocytes averaged 9,286, was one minute, thirty-five seconds, 


Differential counts were made i v four cases. Blood containing 


14 per cent. of mononucleat <1 in two minutes, that with 35 


per cent. in two minutes a a quarter, that with 37 per cent. in two 
minutes and a half, and bloo ith 39 p it. in three minutes and 
three-quarters. I would not generalize from these figures that the greater 


the number of leukocytes as a whole, and of mononuclear cells in partic- 


ular, the longer is the coagulation-time, but incline rather to the opinion 


that they bear no relationship to one another. 
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even when the latter is outside of the genital tract, so that some sur 


are unwilling to operate during menstruation. These authors believe 
in some way checking of the normal blood-clotting process must acc 


pany the pl vsiological occ! f 


urrence of menstruation. The 


clotting-time on the average more or less retarded 
» found retarded coagulation in mat 
igh he found it hastened in several 


i Cases 


Bell and Hick observed that a very mar 


systemi blood alwavs occurs bef« 
commences. Often this dro preceded by 
a periodical connection between menstt 


ood ce 


in no way de} 


1 Denk, on the other hand, 


of menstruating women 
yund a normal calciu 


also fe 
struating women. 


Schwab found a normal average 


ation. Hartman will only say that with the method 


never find variations from the normal clotting-time 








716 THE ARCHIVES OF INTERNAL MEDICINE 


With my method I tested the coagulation-time in sixteen tuberculous 
women who were spitting blood. Four, who were menstruating, had an 
average clotting-time of five and three-quarter minutes. In two cases of 
amenorrhea at the menstrual period the average clotting-time was also 
five and three-quarter minutes. The time was five and two-third minutes 
in ten who were not at the menstrual period, some having passed the 
menopause. These few cases consequently do not point to any alteration 
in coagulability at the catamenia. 

Hartman regards the uniform clotting-time in women and girls of 
all ages as settling negatively the question whether an influence is exerted 


the circumstance that a woman is at the menstrual age, or has not 
entered it, or has passed it. 

8. Pregnancy.—Pregnancy probably does not influence the clotting- 
time. Douglas obtained clotting-times of seven and three-quarter minutes 
in healthy non-pregnant women and seven and four-tenths minutes in 

ealthy pregnant women. Hartman was not able to determine a deviation 
from the normal clotting-time during pregnancy, either in the early or in 
tter months. Fox made a few observations on women during the 
latter part of pregnancy which, so far as they go, indicate a tendency to 
low coagulation-time, in several cases lower than after delivery. 

An increased fibrin content has been noticed by Nasse in the blood of 

pregnant women. 


9. Puerperium.—Douglas obtained an average clotting-time of seven 


and three-tenth minutes in normal puerperal women, compared to seven 


gston 


and three-quarters minutes in healthy non-pregnant women. Hin; 
Fox examined eight puerperal women, all primiparas with normal labors 
and normal hemorrhage, all suckling their infants. He found the clot- 
ting-time immediately after delivery to be below the normal. 


(To be continued) 
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the central poi 
a “referred pain,” characte1 
t of tenderness and pain, by hyperesthesia and h: 


e surrounding skin, and by muscular rigidity. 


1 an extensive series of cases of diaphragmatic pleurisy in some of 
13, 7; 


diagnosis was confirmed by autopsy, pain of the segmental 


ar region Was present 1n the 


creat majority. In ; half the cases pain in the neck was con 


jained of. Tl al pain was always in the region supplied by the 
} 
ird 


and fourth spinal segments, showing a preference for the trapezius 


There was always a point of maximum pain and a surrounding 
hyperalgesia and hyperesthesia of the skin. 


fo 


t of a few observations it is believed that there is con- 


6. As a resul 

siderable clinical evidence to show that the phrenic and intercostal nerves 

supply the peritoneal surface of the diaphragm with pain sense as well as 
pleural. 
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no s s experimental proof has been adduced to explain the clin 
nndadings Hirschfelder® has s loot sted that t vibrations of the 
valvy iv be transmitted to the anterior papillary muscle and apex b 
papillary muscles, which act like violin strings.” 
sine ;' : ‘ 
rhat the papillary muscles are structures of great importanc 
been shown by a number of w ers. Fenwick and Overend?® believe 
functional and organic changes in these muscles constitute vel my 
tant factor in the production anemic cardiac murmurs Because 
ylood-supply end arteries these mus es l The! are ¢ 
! ible to fatigue. 
Sewa has shown their importanc maintaining sufficien 
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lves are forced somewhat into the cavity of the auricle The termina 
wt of the ventricular systole, however, is marked by a sharp downward 
jerk of the valves as the wave of the contraction invades the papillary 

uscles. With failure of these muscles to contract, these bands stretc] 

e elastic cords, and as the ventricular parietes approximate in systole, 
a leakage through the upward pushed valves is to be expected. Thi 
urthermore assert that a reduplication of the first sound at the apex, 
isually heard in the erect posture, is due, for the most part, to a lat 
ontraction of the papillary muscles of the left ventricle, causing a corre 
sponding and isolated sound of valve tension; and that the systolic mu 
uur in the recumbent position is due to a real valvular insufficiency from 
mperfect papillary contraction. 

The statements made by Roy and Adami’? and by Fenwick and Over 
nd,’” that the papillary muscles begin to contract after the contraction 
f the ventricular wall and finish contracting before the ventricle relaxes, 


ave been disputed by Haveraft and Paterson,™* who conclude from thei 


xperimental work that the contraction of the papillary muscles and 0 
e heart-wall occur synchronously. 
In an endeavor to determine if the papillary muse les might not have 
still further function, as Dr. Hirschfelder suspected, in transmitting 
the mitral murmur to the apex, we undertook at his suggestion an expe: 
nental study of these muscles in the pig’s heart. 

The experiments were performed on excised pigs’ hearts. A cannula 
vas introduced into the aorta in certain of these, in others into a pulmo 
nary vein, in others again directly into the left ventricle through th 
nitral orifice, and also through the apex. Water entered the chamber. 
hus, by various routes in the succeeding experiments. As we had to deal 
vith normal hearts, after the closure of the mitral valve no murmur was 
iudible at any point over the heart. Insufficiencies of the mitral valve 
vere produced in different ways as will be explained later, and definite 

irmurs created which were heard over the heart, varving in intensity 

ording to the location. 


In each experiment a preliminary chart of the heart was made, map 


ping out the distribution of the murmur prior to any alteration in thi 


apillary muscles or the heart-wall. A second chart was drawn in each 
ase after the specific operation of the experiment had been carried out 
lhe observations were based on a comparison of these two sets of charts 


EXPERIMENT 1 \ small cut was made in the edge of the posterior flap 


the mitral valve near the heart-wall, thus localizing the lesion close to the septum 


‘ 


n the anterior wall of the left ventricle. The current entered through the aorta 
Observations Ihe murmur of greatest intensity was heard around th 
\uriculoventricular junction, being louder over the front of the left venti 


12. Roy and Adami: Practitioner, 1890, xlix, 81 


13. Haveraft and Paterson: Jour Physiol 1895-96. xix. 262 
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than t back. This gradually diminished in intensity from the base to the apex 
rhe ent front of the heart showed greater intensity of the murmur thar 
the Da in corresponding locations 

EXPERIM rz \ small slit was made in the posterior flap of the mitra 
valve close to the heart-wall, at the opposite end from that 1 the preceding 
experin ] localized the lesion on the bac of the left ventricle near t 
septun rhe stream entered as in Experiment | 

Observations Again the intensity of the murmur was greatest around t 
iuriculoventricul junction, but here it appeared louder over the back of the 
left ventricle than over the front rhe intensity over the entire back of the left 
ventri is eater than that er the tron t « espor T s fron 
the ba 

I riments 1 and 2 show that in lesions in proximity to the ante 
Ww: of the ft ventricle and in lesions close to the posterior wall, t} 
murmurs of greatest intensity are found around the aw ventricula 
junction. The charts of the following experiments demonstrate that thi 
wv 

. 
hi 
, 
: 
s 
. 

Fig. | Diagram to show distribution of murmu1 changes were ma 
in left ventricle. Anterior view. Arrow points toward papillary muscle 

Fig. 2.—Diagram to show distribution of murmur afte moval of all of 
anterior papillary muscle except the portion into whi the chorde tendinea 
were inserted Experiments 3, B, and 5 


murmur is likewise of greatest intensity around the auriculoventricular 
inction, regardless of the location or nature of the lesion. Furthermore. 


ents make it clear that the intensity of the murmur at an 


noint depends on the distance of the lesion from this area 


EXPERIMENT 3 \ \rtificial vegetations, consisting of kt ted string at 
threa ere attached to the anterior mitral flap in order to produce a murmu 
The current entered the aorta {n insufficiency was noted only when thes 
vegetations were relatively very large and decidedly irregular in form On the 
other ad i tiinger, an arterv clamr t pair Oot seissors, Or a gia s rod introdues 
het ! edges of the segments failed to influence the efficiency of the val 

B: Direction of the current the same as in A. The anterior papillary muscl 
was completely removed from t ventricular wall, with tl exception of 


ma t n immediately surrour ng e ims¢ 








- 


1 ne ac 
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\ stitch was taken through one of the flaps, and drawn taut to simulate a 
sclerosed condition. An insufficiency resulted as soon as the valve 
vas slightly drawn up. 

Observations.—Over a limited region on the front of the heart where the 


papillary muscle remained, the murmur appeared relatively louder than before 


the dissection. On the contrary, there was a great decrease in the intensity of 
the murmur heard over the areas between this region and the apex. The murmur 


wer the back of the heart, however, remained practically unchanged, except at 
the apex where it was diminished considerably in intensity. 


Conditions leading to a puckering of the valve segments are decidedly 
nore effective in bringing about regurgitations than structures attached 
to the edges of these segments. 

The papillary muscle evidently plays an important réle in transmit- 
ting the murmur of mitral regurgitation toward the apex. 

EXPERIMENT 4.—The heart was prepared as in Experiment 3, B, and further 
iltered by removing the lower half of the posterior papillary muscle. 


= 4 Seni 
fr 
5 ~ i 
~ ~ 
‘ sr 
‘ 
>t 





Fig. 3.—Diagram to show distribution of murmur after removal of heart 
vall over anterior papillary muscle. Portion removed indicated by outlined 
rea. Experiment 6. Arrow points toward part of wall removed. 

Fig. 4.—Diagram to show distribution of murmur after insertion of chorde 
indicated by ring. Experiment 13. Arrow points 


tendinew into heart-wall, as 
toward insertion of cords 


Observations.—Over the front of the heart, the murmur showed the same 
anges as in Experiment 3 B A similar decrease of the murmur appeared 
ver the lower portions of the back of the left ventricle The murmur at the 
pex was relatively much less than in the preceding experiment Over the 
pper portions of the posterior aspect, however, the intensity was practically 
nchanged 

The two papillary muscles apparently share equally the réle of trans 


nitting the insufficiency murmur to the apex, since the removal of bot) 


the papillary muscles decreases the sounds heard at the apex n 


ore than the remoyal of onlv one muscle. 


pean 2 


eee 


ieee 
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EXPERIMENT 5.—A cut in one of the mitral flaps produced the insufficiency 
for this experiment [The current entered through the aorta The anteri 


papillary muscle was excised as in Experiment 3 B 


1 


Observations The findings were identical with those in Experiment 3 B 

[hese results corroborate the previous conclusions. 

EXPERIMENT 6 A: The direction of the stream and the nature of the insuf 
ficiency were the same as before rhe ventricular wall immediately overlying 
the anterior and the posterior papillary muscles was removed to a depth ¢ 
responding to the thickness of these muscles 

Observations In these areas, both front and back, the murmur appears 


greatly increased in intensity. 


B The right ventricular wall was removed to expose the septum we 
areas were chosen of practically the same intensity of murmur. From one of 


these, the septal wall was removed to a considerable depth 


Observations Here, in contrast to A, the murmur was somewhat decrease 





bi 5 Diagram to show distribution of murmur before changes were max 
in left ventricl Posterior view. Arrow points toward papillary muscle 


Fig. 6 Diagram to show distribution of murmur after transplantation 


posterior papillary muscle to the septum. Experiment 10 

The transmission of the murmur toward the apex apparently depends 
on] n sma part on the thickness of the ventricular wall, as might b 
inferred from those cases in which the lower portions of the papillaz 
I! uscles were emoved 

( \ section about | em. in width was cut it of the upper portion of « 
papal rv muscle ompletely interrupting im thi wa ill of the ers extend 
te a iT 

Obse t \ striking diminu I n t ‘ t mu 
ippeare t ireas below these cut 

lhe nD scles, it ems, must be intact to conduct the 1 I 

EXPERIMENT 7 An artificial stenosis of tl mit va vas produce 


The trean entering throug pulmonary vel s su nt n Vv ime 
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iuse a considerable distention of the heart-wall. Portions of the ventricle over 
ving each papillary muscle were removed as in Experiment 6, A 
Observations.—A very marked increase in the intensity of the murmur was 


bserved ove! the dissected areas 


f 


Under conditions of high tension within the ventricle, in cases of 


stenosis, the papillary muscles act as transmitters of murmurs arising 


n the mitral valve. For further explanation see Experiment 11. 
‘ EXPERIMENT 8.—A long tube was inserted into the aorta and partially com 
, pressed to simulate peripheral resistance. At the mitral valve, an insufficiency 
was made. The stream entered through an opening in the apex and flowed out 
in two directions, namely, the aorta and the mitral valve. These conditions 
ipproximated more the currents in mitral regurgitation The lower three 
fourths of the anterior papillary muscle was excised as in previous preparations 
Observations —As was anticipated, a rumbling sound enveloped the apical 
areas. The mitral murmur, quite distinct in quality from this, became inaudible 
over this region. Above these areas, however, overlying the central third of 
; the papillary bed, the murmur appeared definitely diminished 


+ me aCe 





Fig. 7—Diagram to show distribution of the murmur over the interven 
tricular septum before any changes were made in left ventricle 

Fig. 8—Diagram to show distribution of murmur after transplantation of 
posterior papillary muscle to the septum Experiment 10 Arrow points *oward 


papillary muscle 


(As this experiment indicates, the direction of the stream within the 


. , _ ‘ 
enrrict does not appear to alter materially the propagat n ¢ e mui 
of mitral Incompetence. 
Since these conditions stil] varied considerably from those in t 
sating heart. the following experiment was devised: 
EXPERIMENT % \ { tube of wide caliber was introduced into t ver 
le through the mitrai orifice in such manner s to conduct the stream 
vicinity of the apex. Compression of the aorta provide conditions simu 
iting peripheral resistance 
Obse atio No sound was audible ove the ventriculal il Due tot 
; perfect apposition of the mitral flaps to the cannul 7 competence 
4 the valve 
; B \ cut ! one of t \ ( segments 1 ] ahis ‘ reitat ’ 
' 


— 
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Observations.—Under these conditions, the intensity of the murmur appeared 


t about the auriculoventricular junction. It gradually diminished toward 
t pex. Comparing the chart of this experiment with the preliminary charts 


i} 
I those experiments in which the stream entered the aorta (3, 4, 5 and 6 
the propagation of the murmur over the ventricular wall appeared the same 

(: With the heart the same as in B, Experiment 4 (removal of lower t 

ths of anterior and posterior papillary muscles) was re] 

Observations.—The intensity of the murmur over the lower areas of the ven 

le s ved a marked decrease At the apex it could searcely be hear t 
ffect being even more striking than in Experiment 4 

Lhe results of this experiment justify the assumption made in Expe1 


nent 8, namely, that the direction of the stream within the ventrick 


does not alter materially the propagation of the murmur by the papil!ary 


Since the papillary muscles, in situ, play the most important réle ir 
transmitting the murmur of incompetency to the apex. it is reasonabl 
z 
[ ~ 








_ 
y 

Fig. 9 Diagram to show distribution of the murmur after removal of p: 

interventricular septum, as indicated by squars Experiment 6, B \rre 
points toward part of wall removed 

Fig. 10 Diagram to show distribution of murmur after insertion of chorda 
endinee into interventricular septum, as indicated by ring Experiment 6 
\rrow points toward insertion of cord 
to conclude that if they wert transplanted to other locations the murmur 
ould be conducted chiefly to such regions. To confirm such a conclu 
sion Experiments 10 and 11 were devised. 

EXPERIMENT 10.—The posterior papillary muscle, ir ts entirety was 
removed from its attachment to the wall of the left ventricle To expose the 
nterventricular septum, the right ventricular wall was cut away rhe papillary 
uscle was now closely attached to the septum Again a cut in the mitral valve 

ovided the necessary insufficiency The current entered through the aorta 

Observations A slight diminution in the intensity of the murmur was noted 
ver the lower portions of the front of the left ventricl Over the areas fron 
hich the posterior papillary muscle had been removed, however, the intensity 
of tl murmur was markedly decreased At the apex the murmur was exceed 


ingly faint On the other hand, over the region on the septum to which the 
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papillary muscle was attached, there was a ¢ 
previously heard 
the 


EXPERIMENT 11. 
ind the right ventricular wall 
the mitral valve permitted the introducti: 


at 
into the auricle 


The anterior papillary muscle was fastet 


removed experiment 


as in the preceding 


stenosis made 
through a pulmonary vein, i 
Observations.—The murmur over the 
he lower half and apex, appeared definitely 

the area of 


front ¢ 


le septum over attachment of t!] 
than previously 


owed a much greater intensity 


} 
These experiments make it clear that the papillary muscles conduc 
mitral valve to whatever portions of the ] 


nurmurs arising at the 


hey are attached. 
In the latter experiment, the high tension maintained in the left 
the papillary 


horde tendinew and th 


TY 


icle undoubted|y 


Fig. 11.—Diagram to show distribution of 
atter was superimposed on the heart Exp 
ow distribution of u lung after 
nt 1 portions into wl h the e} 


lung. 
Fig. ]2 Diagram to sn 
removal of all of the papillary muscles exce 
tendinew were inserted. Experiment 15 Arrow 
taut, thus furnishin suitable conditions in these structures 
f mui rs toward the apex. Although very unlil 
fam in mitral stenosis 


trate that the chorda 
ilve segments to the pay 


mission 0 
the results of this « 


mons 


ey rthe le ss. 


produc i d by the 


vi 
luct them to the apex. 


i 


latter in turn con 


The findings in 
lation that, since each papillary muscle 
1 one on theo 


ill, if superimposed, 


the previous experiments 


thy 


+ ‘ 
ari-W 
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should be increased over the latter area. Accordingly, these conditions 
vere produced in the following preparation : 


EXPERIMENT 12 The anterior papillary muscle was removed as in Experi 
ment 11, and attached to the medial surface of the posterior papillary muscle 
The current entered at the aorta and flowed out through a lesion in the mitral 
valve 

Observations Ihe area over the front of the left ventricle. from which the 
interior papillary muscle had been removed, showed a marked diminution of the 
murmul Over the posterior papillary muscle, however, the intensity of the 
murmur appeared exceedingly increased. 


These observations further confirm the conclusions drawn from the 
eceding experiments. 

The work of J. B. MacCallum'™ has shown that there are severa 
ers of muscles entering into the formation of the heart. Nearly all 


egin in the auriculoventricular ring of one ventricle and end in the 





\ 
. ; a = 
— 
* } “. *. ‘ 
/ ne YY —, 7 } 
eu <a =e 
f / aaa 
‘ 
¥ , 
| / 
| 4, 
A 
< ‘ 
f rd / 
- f 
SA / 
F te, 
, a 
2 \ 
Fig. 13 Diagram to show distribution of the murmur over the lung when 
the latter was superimposed on the heart Experiment 17 Arrow points 
ird lung 
Fig. 14 Diagram to show distribution of murmur over the lung after trans 
ntation of tl interior papillary muscle to the ints ntricular septum 
I eriment 17 Arr points towat lung 
n “Cles the othe IT} se Tipers wil pegin near the yutsid 
( nt ad nea ‘ nside of the othe ventl ‘ Che fibers 
the spiral course in the ventricular wa else run neat 
angles the long of the organ ! scroll wt 
MacCallum describes 
| ‘ ) l lo ? < =. ‘ ( ( T ne ~ < 
vi ; arti ni r T = Ir Te yf t} s wel] 
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vn tact, no 


GREY 
experiments, so lar as can be ascertained, have bee! 
ried out to determine whether the direction of the muscle-fibers influ 
ences the propagation of murmurs toward the apex 


. If the vertica 
irrangement of the fibers in the papillary muscles does offer a more suit 
able condition for the transmission than the spiral course of the fibers 
n the wall, then the intensity of the murmur over the apical] areas should 


diminished by connecting the parietal fibers with the chordx tendinea 
EXPERIMENT 13.—The chorde tendiner were detached from each papillary 
musele and inserted into the ventricular wall directly above the corresponding 
papillary muscle, the latter structure being left intact. 
the aorta. 


rhe current 
A cut in one of the valve segments furnished 


entered at 

an insufficiency. 
Observations —The murmur the lower portions of the ventricle 
front, back was definitely diminished in 


heard over 

i gut 
ireas of attachment of the cords the sounds heard were distinctly 
before the 


and apex, 


intensity. over the 
louder than 
change. 
The vertical direction of the fibers in the papillary muscles does 
account then, in great part, for the conduction of the murmur along thes 
structures. 


EXPERIMENT 14.—In this experiment the cords of the anterior papillary 
muscle were removed and fastened to the interventricular septum. The right 
ventricular wall was removed. The current entered through the aorta. A lesion 
in one of the mitral flaps again provided the necessary regurgitation 
Observations.—A definite decrease in the murmur appeared over 
front and apex of the ventricle. 


the lowe 
Over the point of attachment of the cords 
m the other hand, a marked increase could be noted. 


here can be no doubt, from a consideration of these observations. 
t the chord tendinew transmit the murmur from the mitral valve to 
tructures into which they are inserted. 

\s far as the heart itself is concerned, the papillary muscles undoulbt 


1? 
I}. 
ee 


play the most important réle in propagating the murmur of mitra 
nsufficiency to the apical regions. On the other hand, this fact alone 
might not have much clinical significance, since various structures lic 


ormally between the heart and the chest-wall. 


part to the transmission of 
ind the auricul 


i 


It is perfectly conceivabl 
that the systolic blow heard about the apex on the thorax may be due ir 
creater 


the loud alwavs 
oventricular junction in regurgitation t 
ntervening tissues 


murmur presen 

o this 
If this be true, then the presence or absence of the papillar 
ar as thei role of 





muscle 
transmission is concerned, would have but littl 
fluence on the clinical findings at the mitral area on the chest. But, if 
were possible to remove the papillary muscles (as carried out. for 
mple, in Experiment 3 B, still preset ¢ the relations of overlving 
j ssues to the heart. and if a material decrease in the intensitv of the 
4 ur over the structures about the apical regions were discovered, i 
= justifiable to conclude that the papillary muscles do have a clinica 
significance for murmurs audible at the apex 


a Ae) 











EXPERIMENT 15.—The anterior and posterior papillary muscles remove 
in Experiment 3, B The current entered the aorta \ lung, arranged r 
the entire heart, furnished the intervening tissue 

Observation \ very marked decrease in the murmur is not it ti 
irea corresponding to the apical regions of the heart W he is, In pr 
iminary observations, before the removal of these muscles, the murn t tl 
upex was somewhat louder than that heard over the vicinity of the auriculove 
tricular junction—undoubtedly due to a greater thickness of the lung t 
egion—in the second set of observations made after the removal of the papilla 
musele the murmur heard over the apical regions was exceedingly less than 

ver the auriculoventricular junctior At this latter area it showed 1 
able nge in intensity 
he definiteness of these results makes it clear that the par 
nuscles are the principal factors in conducting the mitral regurgitan 
murmur to the regions about the apex. If the overlying tissues do pla 
ny part in conducting the murmur from the auriculoventrieular junctio 
» the chest-wall, it is so slight as to be negligible. 

EXPERIMENT 16 Che right ventricular wa!l was removed As ir mit 
preparation, the anterior papillary muscle was transplanted to the interventri 
lar septum and securely fastened in such a manner that it covered an area ¢ 
the septum corresponding in extent to that on the wall from which it had bee 
removed The relations of lung to heart in the preceding experin f 
reproduced here 

Observation The loudest murmur noted or e lung could be heard dire 
ver the apex In marked contrast to this, the areas above this region showe: 
in abrupt decrease in intensity The remaining area from which the papillary 
muscle had been removed showed a definite lessening of the murmur Compar 
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ing the second chart of this experiment with the preliminary chart, 


1rent that the murmur over the apex had remained practically 


The results here corroborate former findings in three respects 


it 


unchanged 


becan 


(1) the papillary muscles, whatever their location, furnish the 
pl medium for transmission of mitral] rmurs to the apex (vide 
eriments 10 and 11): (2) removal of these muscles from their 1 
a tes results in a diminution of the murmur over the areas cor! 

ponding to their original locations (vide Experiments 10 and 11) 
the structures in apposition to the heart-wall play no essential réle in 
gmenting the sounds heard at the mitral area by conducting murn 
m the auriculoventricular junction (see Experiment 15) 
As yet, no direct experimental ev dence has been brougl ‘ t 
plain why the murmur of mitral insufficiency is so often heard ir 
eft axilla. Hirschfelder® offers the plausible explanation that it 
the proximity of the anterior papillarv muscle to this region. Ir 
yf the results of the experiments completed up to this pon : 
issumption appeared to be co t lo settle questior nite 
Exp I 16 was repeated on anc r heart Intra vita t ar 
separate m the bell of the stethos n the axilla by lung a est 
wall. Were the chest-wall t essent ( r neging th sufi 
1eT m to this I ans! T t Y é t ) 
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: 
easonable to suppose that the murmur would be transmitte : 
( n { directions from the mitral area. Since this is obvious > 
( s t g¢ must be regarded as eo in of propagation fror ¥ 
tt I i€ ft axilla 
% 
; i 
] ! I papilla 1 s transplant t 
i jeft lung iced ¢ r epre < \ | 
l re'ations 
f 1 ih murn ird ove the lung ea . 
ixilla show 1 marked decrease in intens i nparison to 
bserved in the same region previous to tl papillary transplantatior | 
sound heard through the lung ov the up] part of the left ver K 
ai t1loventr lay unct n rer ! icti \ hal 7 
(his confirms the assumption that the anterior pay i mus : 
efly responsible for the murmurs heard clinically in the left axilla 
Having convinced ourselves that the papillary muscles play important 
les in the transmission of mitral insufficiency murmurs to the apex i! 
arts with normal musculatures, the question arose as to their 
nificance in pathological conditions. 
Zielonko’® and later Goldenberg?® showed by microscopical meas 
nts of normal and diseased hearts that hypertrophy of the wal! 
wccompanied by a corresponding hypertrophy of the papillary mus 
Recently, this has been corroborated by the careful work of Gut 
rhat hypertrophy is a very frequent finding in pathological states of 
art is well known. ‘Tangl,’* and Romberg and Hasenfeld™ as wi 
shown that not only is it observed in persons in the most de ived 
state of health, but that in animals also, the condition develons even whet 
t enormously emaciated 
\ el justified then in assuming that the papillary muscles pla 
onduction of the insufficiency murmur, practically as important 
nt ithological heart as in the normal 
SUMMARY 
( pa ] muscles play the mos my tant rie ! f 
i sion of the insufficiency murmur from the mitral valve to tl 
7 nsmission ¢ the murmur towar ip ( 
ends only in small part on the thickness of the ventricular wa 
[ ip ry muscles must be intact to conduct the murm 
{ ] lar ' sels ( nduect ‘ I fant n rn : il 
: eart thev 1 be attached 
2 ke Vin ows Are f. pat} Anat 187 
Gol nber Virehe s Ar i. pa \ t LSS8é 
7. Gut Jour. Pat! ind Ba ] 1901, v 7 
8 Tangl: Virchows Ar f. pat Anat.. 1889. « { 
LT ind Hasent \1 Path., 189 
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5. The vertical direction of the fibers of the papillary muscles accounts 
in great part for the conduction of the murmur by these structures. 

6. The chorde tendinew transmit the murmur from the mitral seg- 
ments to those portions of the heart into which they may be inserted. 

7. If the tissues intervening between the heart and the chest-wal! 


play any part in conducting a murmur from the auriculoventricular junc- 


tion to the mitral area, it is so slight as to be negligible. 
8. The murmur heard in the left axilla in mitral regurgitation is 
evidently due to the proximity of the anterior papillary muscle to that 


region. 

We wish to express our sincere thanks to Dr. Hirschfelder for presenting this 
problem and for suggesting the feasibility of this method of investigation. TT: 
Professor Barker we are grateful for encouraging research, on our part, at 


this time. 





TETANUS 


E. W. HILL, M.D. 


COLON, C. Z. 


In considering the subject of tetanus we are struck by the fact that 
it is a disease that has been recognized for centuries, widely diffused 
throughout the world, found during all periods of life save the first five 
years, excepting the primary month; varying in mortality, age incidence, 
occurrence during the season of the year, and susceptibility of the sexes; 
a disease having an extensive literature, the data of which as to frequency, 
mortality, and prognosis are singularly indefinite and unsatisfactory, 
giving rise to conclusions and statistics both unreliable and confusing. 
The error, according to my judgment, is due in large part to the persistent 
disregard of certain clinical characteristics and natural tendencies of the 
disease as exhibited in incubation, progress, and duration, unmodified by 
any treatment whatsoever. 

Recovery from tetanus once developed is to-day, as in the past, due 
more to the character of the attack than to the remedies employed. 

Consecutive data of actual mortality, covering a long period of years, 
and a large number of cases confined to the same geographical area, 
should present information as to frequency, age, sex, season of the vear, 
and modification by climate, if any. 

Tetanus is comparatively a rare disease, due probably to peculiar 
biologic and chemical properties of its bacillus. 

In the two great classes into which tetanus can be divided, tetanus 
of the tropics and tetanus of the temperate zones, all the clinical forms 
of the disease appear, but with marked differences which will be noted 
in their proper places. 

TETANUS IN TEMPERATE ZONES 
FREQUENCY 

In the temperate zone of the United States the most frequent 
geographical locations, according to Anders and Morgan, are along the 
Hudson River Valley, Brooklyn and surrounding districts, Long Island, 
southern Pennsylvania, Virginia, Georgia, about Savannah, St. Louis, 
Illinois, Indiana and southern California, with a strip of land in New 
Jersey, 5 miles long and 1 mile wide, where the disease is endemic. In 
the New England states, the records that I have collected do not show 


any particular preference as to frequency in proportion to the population 


of one place over another, save that it is less common along the northern 
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border. In Mexico no essential difference appears in the character of the 
disease from that seen in the southern states of the Union. 

In Massachusetss, comprising a geographical area of 8,266 square 
miles with an estimated population of 3,003,680 persons, from 1857 to 
1908 — fifty-one years — there were 1,958,107 deaths from all causes, 
and from this total but 1,288 were due to tetanus, or one death from 
tetanus in every 1,520. From 1841 to 1908, 1,461 deaths from tetanus 
are recorded. Assuming a mortality of 75 per cent., 365 recoveries 
occurred, or a total of but 1,826 actual cases of tetanus in this area in 
sixty-seven years. This represents 0.007 per cent. of the total death-rate. 
For the years 1909 and 1910, fifty-two deaths can be added to the record, 
giving a sum total of 1,513 in sixty-nine years, tabulated as follows: 


TABLE 1.—TETANUS IN MASSACHUSETTS 


From 1841 to 1856 172 deaths 
1857 “ 1884 585 - 
1885 “ 1905 670 
1906 “ 1910 76 
1857 “ 1908 288 
13 


l, 
1841 “ 1910 1 


In a much larger area in the following eighteen states of the Union, 
viz.: California, Colorado, Connecticut, Indiana, Maine, Maryland, Mas- 
sachusetts, Michigan, New Hampshire, New Jersey, New York, Ohio, 
Pennsylvania, Rhode Island, North Dakota, Vermont, Washington, and 
Wisconsin, containing an aggregate estimated population of 48,776,895 
persons, or 55 per cent. of the total population of the United States :’ 

1. During the year 1909 there were 732,528 deaths from al] causes 
with 1,373 deaths from tetanus, or one death in every 533 deaths from 
all reasons. Assuming an average mortality of 75 per cent. would give 
343 recoveries and a total of 1,716 cases during the year, or one case in 
every 28,424 living persons. Of all tetanus recorded during the year, 
422 cases, or 30.7 per cent., were in children under 1 year of age and 
appeared in the total death-rate of persons under 12 months (140,057), 
once in every 331, while from the beginning of the second vear onward 
to 80 and over, once in 623 total deaths. 

2. In a twenty-year period in England from 1889 to 1908 there were 
2,124 deaths from tetanus, 1,623 of these in the seven-year period from 
1902 to 1908. An average in the annual death-rate from all causes and 
at all ages to a million living persons in the seven-year period of but 
fourteen deaths from tetanus per million. While tetanus cannot be 
considered as a frequent menace to a community in the temperate climes, 
in a record of 140 different disease-representing fatalities, tetanus as a 
cause of death is outranked by ninety-two more frequent maladies. In 


1. Bureau of Census, 1909. 
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fact, a person stands over eighty-three times as much chance of dying 
from tuberculosis, and fifty-three times from violence alone, as he does 
of succumbing to lockjaw. It is the high mortality-rate once acquired 
and the frequent relation to traumatic injuries that lends the disease its 
terrors. In 36,302 accidents and injuries occurring later than 1 year of 
age, as far as data could be obtained, tetanus followed as a complication 
once in every thirty-eight cases. This ratio does not apply solely to the 
casualties incident to the celebration of the Fourth of July, where blank 
cartridge injuries cause three out of four cases. 

The lesions resulting from an infection by the specific bacillus of 
tetanus are preeminently those of nervous tissue. The ratio of disease 
in 90,374 deaths, classed as diseases of the nervous system, is shown in 
Table 2 and represents a frequency of but 0.6 per cent. 


TABLE 2.—90,374 DEATHS FROM DISEASES OF THE NERVOUS SYSTEM 
Name Number Per cent. 
. Cerebral diseases other than insanity . 43,913 48.59 
. Paralysis, spinal ... — , 20,201 22.35 
. Convulsions .... 17,594 19.46 
See 5,076 5.62 
. Insane ..... 2,903 3.22 
. Tetanus . ; ; 585 65 
. Chorea . 102 ll 


90,374 100.00 


A graphic portrayal of the annual line of mortality of 1,288 cases of 
tetanus, for a consecutive period of fifty-one years, notwithstanding our 
tremendous advance as to etiology and pathology, shows that modern 
treatment, save as to prevention, has failed to reduce the mortality. 


TasLte 3.—Ratio oF TETANUS TO ToTAL DEATHS FROM ALL CAUSES FOR A PERIOD 
oF Firry-ONeE YEARS IN MASSACHUSETTS 

Years Ratio Increase 
1903-1908 to 1,120 wah 
1898-1903 ..... ; to 1,600 460 
1893-1898 to 1,385 265 
1888-1893 . to 1,705 585 
1883-1858 . to 1,870 750 
1878-188. .. ; to 1,520 400 
1873-183. . to 2,080 960 
1868-1873 to 1,592 472 
1863-1868 to 2,345 1,225 
1857-1863 to 2,235 1,115 


Moreover, almost without exception, for fifty years an increased death- 
rate one year has been followed by a sharp decline the following year or 


the one thereafter, and vice versa. These fluctuations in the same geo- 
graphical space and under practically the same atmospheric and local 


conditions cannot, at present, be accounted for, but they do occur and 


must be considered in any estimate as to increasing or diminishing 
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frequency. Thus, in 2,024 deaths from tetanus in England, already 
referred to, from 1889 to 1901 —a period of thirteen years — but 501 
are recorded, or 38.5 deaths per year, when, suddenly and without 
apparent reason, they increased to 201 per year and continued at this 
average for the next seven years, to 1908. 

In Massachusetts the actual ratio per thousand total deaths has main- 
tained a nearly steady increase as compared with a preceding period. 
Grouped in periods of five years, the record is seen in Table 3. 

These facts admit of only these conclusions: 

1. Tetanus is increasing in virulency and frequency. 

2. There has been a reduction in total mortality from other diseases, 
especially the contagious and infectious. 

3. Our present clinica] treatment is not any more successful, save 
as to prevention, than when other methods (venesection and abstraction) 
were in vogue. 


In all probability the latter two conclusions are correct. 


CLIMATE 


Climatic conditions modify the frequency of tetanus. It is more 
common with high temperatures ; but cold, wet and dampness play a part. 
The weather records that I have examined seem to show that during 


the years of small precipitation and low humidity, the dry seasons, 


with moderate temperatures, are the years associated with diminished 
frequency. 

In the United States the highest frequency and mortality are to be 
found in the summer months, especially after our national holiday, 
July 4. 

Since 1903, 33,075 persons have been maimed and injured, with 
1,531 deaths; 901 of these deaths (58.85 per cent.), were due to tetanus; 
and in 983 cases of tetanus 796 (80 per cent.), resulted from blank 
cartridges, with only 187 from other causes. 

A definite twenty-year record, from 1885 to 1905, of the climatic 
variations and frequency in 670 deaths from tetanus in Massachusetts, 
and the months in which they occurred, is seen in Table 4. 

Nearly 69 per cent. (68.81), or 461 cases, occurred during the hot 
season from May to October, with but 209 cases, or 31.19 per cent., during 
the colder period from November to April. Over 63 per cent. of the 
461 cases from May to October are recorded in June, July and August, 
and 48.29 per cent. of these in July alone. It is three times as frequent 
(3.07) in June, July and August as January, February and March. In 


2. For a complete period of the last seven vears see the summary published in 


The Journal Am. Med. Assn., Sept. 19, 1909. 
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March, tetanus is the least frequent; in July, the most frequent. A 
careful analysis of records where the influence of July 4 could be excluded 
still shows July to have the highest record of the year. 


TABLE 4.—FREQUENCY OF TETANUS IN THE VARIOUS MONTHS OF THE YEAR 
tank Months No. Cases Per cent. 

July 141 21.04 
August 80 11.94 
June . 71 10.60 
September 62 9.25 
October . ‘ 60 8.95 
May ware « 7.02 
November 5.97 
December ‘ 38 5.68 

= Ro 


January ¢ 5.52 
April .. 36 5.37 
1] February : 4.48 
12 March . 28 4.18 


Total 12 months 670 cases 100.00 


Per cent. 
Six months, May to October, inclusive . 68.81 
Six months, November to April.... 205 31.19 
Three months, June, July, August 29% 43.58 


461 cases May to October. 


June, July and August..... 292 63.34 
July alone 48.29 


SEX 


In temperate zones the disease is more common in males. 

In 325 cases, including deaths and recoveries, 258 patients were males 
and sixty-seven females, a ratio of 3.85 to 1. 

In the mortality record of the 670 cases, there were 510 male to 160 
female patients — a ratio of 3.19 to 1. 

Anders and Morgan reported 981 cases in which there were 778 male 
patients and 203 female, or 3.83 to 1. 

This preponderance of the male sex has been explained as due to 
exposure. This cause cannot obtain in cases under 1 year of age where 
the males predominate in temperate zones at the ratio of 5 to 3 in any 
total number. In 504 deaths from tetanus in infants under 3 months 
taken from a seven-year period,’ 1902-1908, 325 were male patients and 
179 female, not quite two (1.81) male patients to one female. 

In 2,124 cases* there were 1,598 male to 526 female patients, or 3.04 
to 1—a rather low average. 


3. Williams: Brit. Med. Jour., July 2, 1910, p. 51. 
4. England Registrar General’s Reports, 1889-1908. 
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The combined totals in these cases represent 1.100 cases of tetanus, 


as follows: 


Number Male Female Ratio 
325 258 67 3.85 to 
670 510 160 3.19 to 
981 778 203 3.83 to 

2,124 1,598 526 3.04 to 


> 


with an average ratio of 3.29 male patients to 1 female. 


No. |Jan.| Feb|Mar|Apr |May June/July | Aug.| Sept) Oct. 


‘ig. 2—Chart showing frequency of tetanus in Massachusetts (670 deaths 
9 


9 
1885-1905). Twenty years total death line by months. 


The ratio rises at certain ages. Thus, during the period of greatest 
frequency, from 10 to 40 years of age in 185 cases, the average ratio was 
5 (4.97) to 1, and in 105 cases occurring from 10 to 20 years of age 
nearly 10 (9.50) male patients to 1 female are recorded. 

The relative frequency in the sexes at the different ages of life in 


- 


325 cases is seen in Table 5. 
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5.—TeETANUS, MALES TO FEMALES, TEMPERATE ZONE 


Male Female 
15S 9 
3 2 
on > 
23 i 
59 s 
95 10 
37 12 
22 9 
46 l 





WEDICINE 


-325 CASES 
Ratio 
1.66 to 1 
1.50 to 1 
3.29 to 1 
7.38 to | 
9.50 to 1 
3.08 to 1 
2.44 to 1 
4.18 to 1 
2.43 to 1 
7.38 to 1 
9.50 to 1 
l 


4.97 to 
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AGE 


One of the remarkable characteristics of this malady is the varying 






prevalence at certain periods of life, as shown in Table 6, which repre- 


sents 3,038 cases of tetanus, and a record of the respective ages at whicl 
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they occurred. The data do not essentially modify the record in 1,000 
cases, previously reported by me, save as to a much larger percentage 
under 1 year of age. As these cases cover a long-continued period of 
time with a wide geographical and populous area, they should furnish a 
basis from which a pretty correct estimate can be made. 


TABLE 6.—RESpPecTIVE Aces or LIFE IN 3,038 Cases or TETANUS 


Age No. of Deaths Per cent 
Under 1 year 678 22.31 
1 to 5 years 110 3.62 
5tol0 “* 303 9.97 
10 to 15 - 479 15.76 
15 to 20 os 257 8.45 
20 to 40 ai 641 21.09 
40 to 60 = 399 13.13 
60 to 80 “ 171 5.67 
Total 3.038 cases 100.00 
1 to 10 years $13 13.49 
10 to 20 ” 736 24.23 
20 to 40 os 641 21.09 
1 to 20 as 1,149 37.80 
10 to 40 oe 1,377 45.32 


It will be seen that, with a few exceptions, cases occurring in the 
first ten years of life, excluding the primary month, appear after the 
fifth year. 

In the above table, 22.31 per cent. developed under 1 year of age 
From 1 to 5 years of age tetanus is very rare, 110 cases, or 3.62 per cent. 
are listed. Many of the reported cases of tetanus with recovery in children 
from 2 to 5 years, a period when tetanus is conspicuous by its absence and 
when diarrheas and marantic conditions are common, are not tetanus at 
all, but tetany, 24 per cent. of which appears at this time and is most 
common in March and April. 

It is not easy to explain the relative infrequency during these early 
years. It would seem that among children learning to walk, with the 
frequent falls, contusions and small lacerated wounds, infection would 
be particularly common. The line reaches its height during the 15 to 
20-vear period and from 25 falls rapidly and steadily. Diminishing as 
old age approaches, tetanus still appears late in life; Yandell reports one 
case at the age of 89. 

In any period of five years the largest number appeared from 19 to 
15 vears with 479 cases and 15.76 per cent. From 1 to 20 years we 
find recorded 37.80 per cent., and if we include patients under 1 year - 
60.1 per cent. — of the entire number. From 20 to 40 years, 21.09 per 
cent. occur and from 40 to 60 years, 13.13 per cent. Nevertheless, 171 
(over 5.5 per cent.) are present in the period from 60 to 80 years (nearl\ 
? per cent. [6.94] in the record of 1,000 cases). Even at this time, tet 
anus is more common, nearly twice in a smaller record. than during the 
first five years of life. 
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From the data in these 3,000 cases it would appear that tetanus in a 
temperate climate reaches its height around 15 years of age, while in the 
thirty-year period from 10 to 40, over 45 per cent. (45.32) in this record, 
of all cases occur (50.90 per cent. in 1,000 cases). 

Considered as traumatic and idiopathic tetanus, with all patients 
under 12 months of age excluded, of all cases from the second to the 
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Fig. 4.—Chart showing frequency of age in tetanus patients in Massachusetts. 


eightieth year of life and over, nearly 59 per cent. (58.34) are present 
in this thirty-year period. 

Table 7 presents a continued record for twenty years in one locality, 
giving the age, number and per cent. in the mortality record of 670 cases, 
and a one year’s record (1909) in eighteen states having 55 per cent. of 
the population of the United States. 
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TABLE 7.—MortTatity Recorp CovERING TWENTY YEARS IN ONE LOCALITY, AND 
One YEAR IN EIGHTEEN STATES 
Massachusetts, Twenty Years U. S. Census Report, One Year 
Ages in 670 Deaths from Tetanus 1373 Deaths from Tetanus in 1909 
Age, Years No. Per cent. Age, Years No. Per cent. 
116 17.31 Under 1 422 30.70 
l to { 29 4.33 l to 4 47 3.50 
5 to : ; 60 8.94 § to 9 153 11.10 
10 ve . 106 15.82 10 to 14 200 14.57 
15 to ; . 61 9.10 15 to ‘ 97 7.03 
20 to ; 86 12.84 20 to ‘ 8.80 
30 to ; 71 10.60 30 to : secs oe 9.20 
40 to ‘ 56 8.36 40 to 87 6.30 
50 to ? 40 5.98 50 to 59 . 63 4.60 
60 to 26 3.88 60 to 43 3.10 
70 to 19 2.84 70 to 79 13 1.00 
—_—_— ————_— 80 l 10 
670 100.00 omens 
1,373 100.00 


For a comparison with tropical records Table 8, a summary with all 
ases, under 1 year of age excluded, is given: 
TABLE 8.—2,360 CASES OF TETANUS IN TEMPERATE ZONE. UNDER 1 YEAR 
EXCLUDED 
Per cent. 
1 to 10 years 113 17.50 
10 to 20 * 736 31.18 
20 to 40“ 641 27.12 
lto 20 “ 1,149 48.79 
10 to 40 * 1,377 58.34 
TROPICAL TETANUS 
If we turn our attention to tropical and semiiropical countries tetanus 
presents marked differences in frequency, variety, age, sex, and period of 
the year, as compared with colder climates ; but to what degree and under 
what conditions has been little understood, resulting in erroneous and 
exaggerated statements. 
FREQUENCY 
The disease is well understood to be more frequent here than in 
temperate zones, especially in certain localities. If we consider it as a 
whole, regardless of variety in any total number of cases, my data con 
firm this opinion; other things, however, must be considered. One of 
the striking features of life in tropical countries is the terrible mortality 
of children from general and especially convulsive diseases. In temper 
ate zones, 86 to 87 per cent. of tetanus is of the traumatic and idiopathi: 
variety, occurring from 5 to 80 years of age. On the other hand, 86 to 87 


per cent. of tetanus in the tropics occurs under 1 year of age and includes 


tetanus neonatorum. 


TETANUS IN THE ISLAND OF JAMAICA 
In a period of seventeen years in this island there were 272,287 deaths 
from all causes, of which 1,038 were due to tetanus. One death was from 
tetanus in every 2@2 (262.32) deaths — nearly six times as frequent 


(5.79) as in the United States. 


- > 
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In 1905, an average year, there were 19,503 deaths. Of these, 76.85 


ver cent. were in chilaren under 5 years of age, or 14,989; 5,597 or 37.34 
per cent. in children under 1 year; 9,392, or 62.66 per cent., in children 
from 1 to 5 years. But sixty-three deaths from tetanus at all ages 
occurred this year; forty-four from tetanus neonatorum, nineteen trau- 
matic and idiopathic. 

The increased frequency of tetanus, due to the overwhelming per- 
centage of tetanus neonatorum, will be seen by the following: In the 
seventeen-year period from 1891 to 1908, already referred to, with 1,038 


deaths from tetanus recorded, 83.62 per cent. or 868 were from tetanus 
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Fig. 5.—Chart showing seventeen years’ record (1,038 cases) of tetanus in 
Island of Jamaica. 


neonatorum, and but 170 or 16.38 per cent. from traumatic and idio- 
pathic tetanus. During this period 466,343 births occurred, 62 per cent., 
or 289,164 illegitimate; 80 per cent., or 373,074, unattended. There was 
one death from tetanus in every 537 births. 

We find that in seventeen years, traumatic and idiopathic tetanus 
appeared as a cause of death but once in 1,602 deaths from all causes, 
approximately the same ratio as in the area of New England. 

If the ratio of total deaths in 1909 in the United States is considered, 
1 to 662, it is less than half as frequent in Jamaica. 

Traumatic and idiopathic tetanus in warm countries appears to reach 
its height in an earlier period of life — around 5 and from 5 to 10 vears, 
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instead of from 15 to 20, as in colder climes. This will be readily seen 
by a comparison of the summaries with one year excluded. From 5 to 10 


years of age, tetanus is almost twice as common in tropical islands as in 


temperate zones (36.47 per cent. against 17.50 per cent.), whereas in the 
10 to 20-year period, nearly exactly the reverse is true — 16.47 per cent. 
for the tropics to 31.18 per cent. in colder latitudes. 


TABLE 9.—AGES IN 1,038 Cases or TETANUS, SEVENTEEN YEARS’ RECORD, JAMAICA 
Age in Years No. of Cases Per cent. 

a eee 868 Tet. Neon. 83.62 

to 3 5 “ Traun 

a a «ss 36 ” as 

to ° . 21 

to 15 - 7 

i a : ll 

8 pe ; 31 

to 35... 2) 

to 45 ° 14 

to 55 ; ue 6 

to 65 - , 4 

to 75 .. 3 

to 85 l 


1,038 


UNDER ONE 83.62 Per Cent. TETANUS NEONATORUM. CASES UNDER ONE 
YEAR Exciupep. Tropicat REecorp 
Per cent. 


1 to 10 years .. 36.47 

10 to 20 years 16.47 

20 to 40 .years 34.71 

1 to 20 years . 53.94 

10 to 40 vears 51.24 

CUBA 

Cuba presents conditions similar to those in Jamaica, although tetanus 
is more frequent. Twelve years’ record in Havana, 2,909 deaths from 
tetanus, of which number 87.49 per cent., or 2,545, were from tetanus 
neonatorum and 364, or 12.51 per cent., were of traumatic and idiopathic 
origin. In the year 1901, in Havana, 5,720 deaths are recorded, 4,169 
white, and 1,551 colored. One hundred and forty-eight cases of tetanus 
occurred during the year, ninety-one white and fifty-seven colored, which 
would be one death from tetanus in every thirty-nine (38.65) deaths: o1 
'v races, one white in every forty-six (45.74), and one colored in every 
twenty-seven (27.21), a high mortality-rate. As in Jamaica this is not 
due to traumatic and idiopathic tetanus. Of these 148 cases, 86.49 per 
cent., or 128, were tetanus neonatorum, and only twenty, or 13.51 per 
cent., belonged to the traumatic and idiopathic variety. This is an average 
of one death from traumatic and idiopathic tetanus in every 286 deaths 
during the year, which is five and one-half (5.43) times more frequent 


all 


than in temperate zones. We find also in these 5,720 deaths from 














760 THE ARCHIVES OF INTERNAL MEDICINE 


causes that 1,453, or nearly 26 per cent. (25.40) were in children under 
1 year of age. This would give a death from tetanus neonatorum in less 
than every twelve (11.35) births. Also 5,721 births are recorded with a 
death from tetanus neonatorum in every forty-five (44.69) deliveries. 

A twelve-year record of the mortality of tetanus in Havana is shown 


in Table 10. 


raBLe 10.—2,909 Cases, HAVANA, CUBA—TWELVE YEARS’ RECORD 





Year Tetanus Trau. and 
, Neonatorum Idiop. 
1890 .. 355 28 
1891 320 31 
1892. . 256 26 
1893 282 41 
1894 - 173 30 
1895 . . 180 31 
1896 232 31 
1897 . 215 28 
1898 17% 19 
1899 . 92 32 
1900 139 46 
1901 128 21 
2.545 364 


Tetanus neonatorum, 2,545 cases; 87.49 per cent. 
Traumatic and idiopathic, 364 cases; 12.51 per cent. 


In the Bertillon classification of this period (179 diseases) tetanus 
as a cause of death, regardless of variety, ranks ninth in frequency in 
Cuba, but with the exclusion of infantile tetanus it descends to eighty- 
sixth in the scale. 

It will be seen in the foregoing data that tetanus in the tropics is 
about five and a half to six times as common as in colder climates, but 
only a small percentage of the disease is due to the traumatic and idio- 
pathic variety, less than 14 per cent. In nearly 4,000 cases (3,947), 
86.47 per cent. belongs under tetanus neonatorum, or 3,413 occur in 
infants, and is directly preventable if proper means are employed, while 
only 534 cases were of the traumatic and idiopathic variety, or 13.53 
per cent. 

Tetanus neonatorum is not entirely a disease of the tropics. One 
thousand, three hundred and seven cases occurred in Michigan, Illinois, 
Pennsylvania, Maryland, District of Columbia, Louisiana and intermedi- 
ate states. 

In a ten-year period in Louisiana there were 806 cases of tetanus; 
79.8 per cent., or 642, were tetanus neonatorum, and only 164, or 20.2 
per cent., were traumatic and idiopathic tetanus. Tetanus neonatorum 
also appears in frigid zones. In the island of Heimaey, near Iceland, 
nearly all the children died at one time, the population being kept up by 
immigration. 
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INFLUENCE OF TEMPERATE CLIMATES IN GENERAL 
We do not observe the marked predominance in certain months of the 
year as in colder climates. In 1,068 cases (thirty additional cases), from 
January to March, the greatest number is recorded, with October to 
December the smallest, as follows: 
ases 


January to March . 299 
April to June , 285 
July to September . . . 262 
October to December . 222 


1,068 


We should note that the greatest number occur in the dry season, also 
the fact that but three months in temperate zones, June, July and August, 
approximate the temperature range of the tropics. In seventeen years’ 
record during these three months in the area of Massachusetts, 248 cases 
are recorded. For the same period of the year in Jamaica, 273 cases are 
found. 

SEX 

The equality of the sexes suffering from tetanus in the tropics is note- 
worthy. Of 868 cases of tetanus neonatorum, 440 were males and 428 
females. In 170 cases of traumatic and idiopathic tetanus, eighty-three 
were males, and eighty-seven females, the females predominating. 


TETANUS ON THE CANAL ZONE 


Tetanus on the Canal Zone is tetanus in a tropical country modified 
by modern methods of sanitation and aseptic technic. It is peculiar in 
the relative proportion of the sexes and the small percentage of children, 
as compared with other tropical countries. Practically the records of 
Ancon and Colon hospitals represent the history of tetanus on the 
Isthmus, all cases of the disease on the line being transferred to one of 
these points. 

Since the American occupation in 1904, to January, 1910, 107,511 
cases of disease have been admitted to these hospitals, with 3,418 deaths. 
Of these admissions twenty-five were cases of tetanus, a frequency of 
0.0024 per cent. There were twenty-one deaths and four recoveries, a 
mortality of 84 per cent. At Colon Hospital there were fifteen cases, 
with thirteen deaths and two recoveries, and at Ancon Hospital, ten cases 
with eight deaths and two recoveries. There were twenty-one males and 
four females, a ratio of 4.20 to 1, practically the ratio seen in the United 
States. This is not the true tropical ratio of tetanus and is due to 
peculiar local conditions. In the twenty-one males there occurred seven- 
teen deaths and four recoveries. Of the four females all died. 
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The incubation periods of eight were undetermined. The average 
incubation of fatal cases was eight davs, nineteen hours. The average 
incubation of recoveries was fourteen days, twelve hours. The average 
duration of fatal cases was six days, fourteen hours. The average dura- 
tion of recoveries was thirty-four days. The shortest incubation was two 
days, the longest thirty days. The shortest duration was twenty hours, 
the longest fifty-seven days. Of the total cases eighteen were acute, four 
subacute, two chronic, and one puerperal. 

No patient with acute tetanus recovered. The puerperal case was 
quickly fatal. Of the recoveries two were subacute and two the chroni 
form of the disease. Only thirteen of the patients were employees on th: 
canal. Of the remaining twelve, two were admissions by request of thi 


Alealde, and ten were Zone charity cases. 


TABLE 11.—TETANUS ON THE ZONE, 1904 To 1910, Twenty-Five Cases* 


Nationality Age Color Month Incub. Days Duration Terminat. Variety 
Martinique M 21 B_ Jan. 21 4days 7hrs. Death \cute 
Jamaica M 17 B_ Jan. 1] 21 days Recov. SS. Acute 
Martinique M 26 B_ Jan. 2 8 days Death Acute 
Italian M 26 B_ Feb. 9 4days 18hrs. Death Acute 
Jamaica F 32 B_ Feb. ndet. 5days Death Acute 
Panama 9 B March 9 4 days Death Acute 
Jamaica . ---- F 28 B March indet. 20 hrs. Death Acute 
Jamaica . ane B April 6 20hrs. Death Acute 
Panama B May 10 21 days Recov. 8S. Acuti 
Grand Cayman 55 B June 7 9 days Death Acute 
Panama B June Indet. 3days 12hrs. Death Acute 
Jamaica . M 28 B_ June Indet. 3days Death Acute 
Panama 3. B July 3 26hrs. Death Acute 
American . 37 W_ July 18 3days 12hrs. Death Acute 
Trinidad ‘ B Aug. ‘ndet. 21 days Death S. Acute 
Hayti 23 B_ Sept. 7 2 days Death Acute 
St. Vincent 35 B_ Sept. 8 6 days Death Acute 
Jamaica . 26 B_ Sept. 4 10 days Death Acute 
Grenada . , 20 B_ Sept. 6 + days Death Acute 
Jamaica 23 B Oct. ndet 7 days Death Acute 
Columbian M 12 B= Oct. 30 a7 days Reecov. Chronic 
Jamaica . M : B Nov. 7 37 days Recov. Chronic 
Jamaica M B Nov. 14 12 days Death S. Acute 
West Indies M 28 B Nov. Undet. 2days Death Acute 
Jamaica ... M B Dee. Undet. 4days 12hrs. Death Acute 

Twenty-five cases, twenty-one deaths, four recoveries—mortality, 84 per cent. 

"A classification has been established that tetanus under ten days is acute and 
over is sub-acute. The standard should be based on duration and not on incubation 


of the disease 
When we remember the former black record of the Isthmus as to 


disease, and consider the multitude of lacerated and septic wounds of thi 
hands and feet since 1904 treated on the line: wounds favorable to devel- 


opment of tetanus bacilli; and also the constant use of high explosives 
with the death of only one American from tetanus in six years, we must 
conclude that not only does it speak well for the medical and sanitarv 
methods used, but it also emphasizes the fact that tetanus can be pre- 
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vented in tropical countries, proper methods being employed, as well as 


in temperate zones, the average on the Isthmus being a trifle over four 
cases a year. 

Tetanus with an incubation period of fifteen days, with death result 
ing in thirty-six to forty-eight hours, the attack once developed, is as 


acute and severe as that manifested with an incubation of six to eight days 


THE DISEASE IN GENERA! 
PROGNOSIS 

Hippocrates stated that “such persons as are seized with tetanus die 
within four days or if they pass these they recover.” A lapse of 2,400 
years and all our modern methods and advanced technic but little modify 
this statement. Published data so far have been unreliable for 
reasons : 

1. Reports of any groups of cases in which the clinical histor 
incubation and duration of the disease are ignored, are of no \ 
whatever. 

2. In individual reports from this or that operator of success with 
some particular treatment, only the favorable cases find their way into 
print. 

As stated by Lambert, the ratio of death is in direct proportion to th 
length of the incubation period and severity of the infection, but in my 
opinion the statement fully as important should be added, that the prog 
nosis and rate of mortality is definitely modified by the duration of th 
disease regardless of treatment. 

Our prognosis should always be guarded. Recoveries in tetanus occur 
more from the character of the attack than the remedies employed, never 
theless, recovery is possible to-day as in the past both from disease and 


treatment. The case of LaFrancs, who was bled nineteen times and mad: 


the acquaintance of 772 leeches and weathered the storm, is no isolated 


exception of therapeutic wandering in the history of this malady. 
Tetanus is a most treacherous disease. Death occurs when the patient 
is apparently on the high road to recovery and restoration to health when 
all hope has passed away. 
INCUBATION 
The modification of the prognosis by the length of the period of inc 


bation has received much attention. It has been assumed that the highe1 
increased 


mortality rate following a brief incubation period is due to 
virulency of the bacillus causing the attack. This conclusion is hard to 
deny or affirm. 

In Table 12 the record of the incubation in 1,092 cases of tetanus is 
seen to be from one to twenty days. Cases over twenty days’ incubation 
are not included, as they form but a small percentage of the total number, 


ind represent a large proportion of the recoveries. 
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TABLE 12.—INCUBATION {tN 1,092 Cases oF TETANUS 


Days No. of Patients Per cent 
9 
18 


37 
24 
15 
28 


10 
8 


Total 1,092 


1 to 5 days. 191—17.49 per cent. Acute tetanus, 1 to 10 days, 801—73.35 per 
cent. 
5 to 10 days, 610—55.86 per cent 
10 to 15 days, 223—20.42 per cent. Subacute tetanus 10 to 20 days, 291—26.65 
per cent. 
15 to 20 day s, 68—6.23 per cent 
cases 


iurgest number on seventh day, 201 


6 to 9 davs. 546—50 per cent Li 


DURATION 
The duration of the disease has not received the attention that it 


merits as modifying the prognosis. In all reports of the reduction of 


mortality by a specific form of treatment, it should always be considered 


twenty davs. the dura- 


In 1,264 cases of tetanus, lasting from one to 


tion was as follows: 


Acute Tetanus: 1 to 5 days, 574 or 45.41 per cent 5 to 10 days, 423 or 33.47 
per cent.: 1 to 10 days, 997 cases, 78.88 per cent 

Subacute tetanus: 10 to 15 days, 177 or 14 per cent.: 15 to 20 days, 90 or 
7.12 per cent.; 10 to 20 days, 267 cases, 21.12 per cent rotal, 1.264 cases, 100 


per cent 


We find on the third and seventh davs the largest number of cases 


The modification of the prognosis by the duration of the disease w 


be seen in Table 13. 
During the first five davs an average mortality of 81.18 pet 


occurred. 
From the fifth to the tenth dav the prognosis improve 


s apout 


per cent. (4.33), the mortality being 74.47 per cent. Not until t] 
day is there any material reduction. Somewhere between the ten 


clevent] days the line of recovery crosses the death-] ne and the 
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has an even chance for life. On the tenth day of duration the mortality 
falls to 50 per cent. From this point the prognosis improves steadily 
to the fifteenth day, about 6 per cent. every twenty-four hours, the average 
mortality recorded for these five days being 34.46 per cent. From the 
fifteenth day onward the prognosis improves more rapidly, less than 9 per 
cent. (8.88) of deaths occur in cases with a duration from fifteen to 
twenty days. In cases extending from twenty to twenty-five days and 
over, it is often difficult to state the exact time of termination of the 
disease. Cases with this long duration represent, as with long incubation 


period, a large percentage of the recoveries. In 126 cases of this char- 


acter 120 recoveries occurred and but six deaths, a mortality of 4.76 per 
cent. In 165 cases of Anders and Morgan, twenty days and over, there 
were 152 recoveries and thirteen deaths. 


TABLE 13.—MorTALITy OF TETANUS AS TO DURATION OF THE DISEASE— 
1,264 CASES 


Days Total Deaths Recovered Mortality 
- ae ae ees Per cent. 
Under 1 day .. 9 90.00 
‘ me 57 77.77 
89 83.96 
116 : 83.27 
99 78.57 
96 2% 80.67 
57 76.00 
127 80.38 
45 } 74.51 
37 2 75.51 
49 ; 61.25 
23 : 45.10 
37.84 
32.26 
25.00 
23.33 
16.67 
10.00 
5.50 
8.33 
6.25 
Total aie 
Se. Oe sensi 81.18 
5 to 10 days .... 42% 74.47 
10 to 15 days .. 34.46 
15 to 20 days .. 2 8.88 
Acute tetanus, 1 to 
fF Faerer 78.32 
Subacute tetanus, 10 
OP Se GS oo.cse es OF 69 198 25.85 
SUMMARY 
Days Incubation Duration Mortality 
1,094 Cases 1,264 Cases aE Aa 
Gane Per cent. Per cent. Per cent. 
to ie 17.49 45.41 81.18 
to : 55.86 33.47 74.47 
to -* 20.82 14.00 34.46 
to ee 6.23 7.12 8.88 
to 7“ 73.35 8.88 78.32 
to § 26.65 21.15 25.85 
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The more brief the incubation and duration, the higher is the mor- 
talitv. The longer the duration the greater is the chance of recovery. 
The prognosis is better if trismus exists alone for a few days. Spasms 
extending to the trunk are serious symptoms, also elevation of tempera- 
ture. The erratic temperature seen in this disease has been considered 
of no great moment, nevertheless it is of value in the prognosis. Temper- 
ature rising above 104 F. on or before the fifth day, even if not preagonal, 
practically always indicates a fatal termination. In 1,201 cases but two 
recovered with hyperpyrexia. It is very rare with a favorable issue. A 
sudden fall of a septic temperature to 1 or 2 degrees below normal, in a 
case in which infection from tetanus bacilli has been probable, often pre- 


Pulse 

Resp. 
Fig. 8.—Chart showing temperature in a case of acute tetanus. Male patient, 
aged 40; splinter in foot. Incubation, 6 days; duration, 7 days. High tem 


perature average; termination fatal. ‘Treatment: morphin, bromid, chloral, 
antitoxin, 


cedes the development of tetanic symptoms, and its occurrence should be 


regarded with suspicion even if no symptoms of tetanus are then present. 


Temperature falling once, having risen, does not improve the prognosis 
as in ordinary febrile diseases. It is impossible to state the exact process 
involved. Incidentally, some of the highest known temperatures, 114 F. 
and over, appear in this disease after death, falling in an hour or so, 
Relative changes in the pulse — respiration — temperature ratio — 
are observed with these erratic fluctuations, viz., 140 pulse, 24 respi- 
ration, 97 temperature; or 50 pulse, 40 respiration, 108 temperature, ete. 
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Marked dissociation of pulse, respiration and temperature from the 
normal relation, especially with arhythmia and falling volumes, are 
always grave, and, appearing before the fifth day of duration, indicate 
a severe infection and a fatal termination, though the end be delayed. 

Profuse sweating is a clinical feature, while inaction of the sweat 
glands and kidney secretions are dangerous symptoms, likewise aspiration 
pneumonia, which may appear suddenly. 

Notwithstanding the prolonged muscular tension little metabolism is 
believed to occur; albumin seldom appears in the urine; creatin and 
creatinin are not found. 

Idiopathic Tetanus.—The data as to this variety are unsatisfactory. 
It is assumed to be more fatal in hot countries than in temperate climates. 

Mental aberration and delirium are not typical of an attack of tetanus, 
and indicate exhaustion, method of treatment or complications. 

Diminished severity of a convulsion is of less value than an increased 
interim between them as indicating improvement. 


BLOOD-CHANGES 


The modification of the prognosis by the blood-picture is at present 
doubtful. But few records have been published with reported cases.* In 
two fatal cases Cabot found hemoglobin to be 75 per cent. and, according 


to the same author, eosinophils are not diminished as in other fevers. 
The cases presented here raise some question as to this conclusion. 

In eleven cases — nine deaths and two recoveries — the leukocyte and 
differential counts were as follows: 


The following cases were observed at Colon Hospital: 


Case 1.—Male, aged 40; subacute; fatal; incubation fourteen days; dura- 
tion twelve days; splinter in foot; negative malarial parasites. 


Days of Disease Leukocytes Differential Per cent. 

TPCT TOUTE T Tee Polynuclear 

Sixth .. 5 Set. _ Large mononuclear ............ 35 
Small mononuclear 7 
Eosinophils ...... 
Mastzellen 


Case 2.—Male; marked uncinaria; aged 69; acute traumatic; fatal; incuba- 
tion nine days; duration three days twelve hours; nail in foot. 


Days of Disease Leukocytes Differential Per cent. 
Second .... vende Cnesbowenel 5,800 Polynuclear 

Large mononuclear 

Small mononuclear 

Eosinophils ......... 

Unclassified 


5. Brown, one case, fatal; leukocytes, 13,000. Quoted in Osler’s Modern Medi- 
cine, iii, Cabot, two cases, fatal; leukocytes, 11,000, 11,900, 19,000, 19,000. Cited 
in Cabot’s Clinical Examination of the Blood, Edition 5. 
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CASE 3.—Male; aged 42; chronic tetanus; incubation unknown: 
thirty-seven days; recovery; leg ulcer, small; positive malaria E. A 


duration 


Days of Disease Leukocytes 

Second . 5,200 No differential 
Fourth . 8,300 
Sixth .. 10,000 
CASE 4.—Male; aged 36; acute tetanus; fatal; incubation three days twelve 
hours; duration one day twelve hours; lacerated wound of foot; gangrene 


; ampu- 
tation. 


Days of Disease Leukocytes Differential Per cent. 
First . 11,600 Polynuclear . 83.67 
11,400 Large mononuclear 10.33 

Small mononuclear 5.9 

Eosinophils. 1 


Case 5.—Male; aged 10; acute traumatic tetanus; incubation ten days: 


dura 
tion sixteen days; recovery; splinter in foot; negative malaria. 


Differentials per cent 


Days of Disease Leukocytes 


ourth 
hth 


Eleventh 


Seventh 


~ to to 08 tO 
a 


'S Sixth 
2 Fig 
10 


Second 13,600 Polyn 
Fourth . 18,100 Large 
Sixth . 15,000 Small 
Seventh .. 13,000 Eosinoph. 
Eighth . 14,000 Unclass. 
Eleventh . . 14,000 
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CASE 6.—Male; aged 30; acute; fatal; incubation ten days; duration 
days twenty-one hours; crushed foot; amputation; negative malaria. 


Days of Disease Leukocytes Differentials per cent. 


Fourth 
Fifth 
ghth 


Third .... 27,000 Polynuclear 90.4 
Fourth 11,800 Large 4.3 : 
Fifth . 17,300 Small 419 10.6 
Eighth .. 11,800 Eosinoph 26 a 

Mast cell .26 0 


Sasop. 0 a 
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CASE 7.—Male; aged 10; acute traumatic tetanus; fatal; incubation five 
days; duration two days nineteen hours. Thigh amputation and thumb; com- 
plicating septicopyemia. 

Days of Disease Leukocytes Differential Per cent 
First 58.000 Polyn. 81.7 
Large 6. 
Small 11.2 
Eosinoph. 7 


Case 8.—Acute traumatic tetanus; male; Barbadian: aged 24; incubation 
eight days nineteen hours; duration one day nineteen and one-half hours; lacer 
ated toe. 

Days of Disease Leukocytes Differential Per cent 
i. 7.400 Polyn. 
Second . 14,200 Large 

Small 


Eosinoph 
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Twenty-six leukocyte counts and fourteen differentials. In ten out 
of eleven cases (Case 7 not included for obvious reasons), with twenty- 
five leukocyte counts, give an average of 13,200. In the hospital Cases 
1, 2, 3, and 5, two deaths and two recoveries, leukocytosis can hardly 
be claimed as due to the wound, as will be seen from the above histories. 
In these cases, eleven leukocyte counts register an average of 12,366, and 
nine differentials, polynuclears 77.47 per cent.; large 9.88 per cent, small 
mononuclears 10.44 per cent., eosinophils 1.7 per cent., unclassified, 


ete., 1.4 per cent. 
As to eosinophils: In one case at Colon Hospital in two counts of 


1,000 cells not a single eosinophil was present. In the cases recorded 
above, the average was diminished. Case 2 with 6 per cent. cannot be 
considered as typical on account of the marked complicating uncinariasis. 
In Case 5, count made shortly after admission, 7 per cent. were found 
with no uncinaria or other complications; forty-eight hours later with 
steadily rising average daily temperature but 0.4 per cent. were found, 
falling to 0.3 per cent. on the sixth and seventh days with none at all 
on the eighth (temperature 103.5), and but 0.2 per cent. on the eleventh 
day. 

Thirteen counts in these six cases — five deaths and one recovery — 
from the first to the eleventh day of the disease, excluding the first dav 
of Case 5, give an average eosinophilic record of 0.49 per cent. Tabulated 
below: 

Eosinophils 
Per cent. Days of Disease 
l. First 
6. Second, uncinaria 
ol First 
a On admission, second day 
Fourth 
Sixth 
Seventh 
Eighth 
Eleventh 
Third 
Fourth 
Fifth 
Fighth 
First 
First 


rs 


— 


Iie & Wiis 


TETANUS ANTITOXIN 

This is at once a specific and a failure. Under whichever head it 
falls will depend on when it is used and the method of its administration. 
Its failure should be readily understood. Here we are dealing with a 
germ whose spore is extremely resistant, a toxin whose virulence is appal- 
ling with man, the animal most sensitive to it. Of the Berger and Cohne 
toxin 0.00005 mg. will kill a mouse, but 0.0023 mg. is necessary to destroy 
a man weighing 175 pounds, as compared with 30 to 100 mg. of strvchnin. 
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Dried pus from a tetanic horse is active after sixteen months, and 
earth containing spores and bacilli, after eighteen years. Splinters after 
fifteen years are virulent. Its spore resists water, at 80 C. an hour; 
phenol (carbolic acid ) 5 per cent., ten hours: and bichlorid solution, 
1-1,000, three hours. 

Bacteria are not homogeneous bodies. Their molecules differ bio- 
logically. Their toxins do not unite with a nerve-cell in the same manner 
as alkaloidal poisons like strychnin, whose union with a nerve-cell is a 
loose one, from which it can be obtained with solvents, such as ether, 
chloroform, etc. Tetanus toxin is most firmly joined. It is taken into 


the nerve-cell to become a part of it. It ig assimilated in the same 


manner, by chemical processes, that food materials are and cannot 
be obtained from it by solvents. It becomes an integral part of the 
protoplasm. 

Tetanus toxin is absorbed by the motor nerves alone. Tetanus anti- 
toxin is absorbed by the lymph and the blood as generally administered. 
Laboratory experiments have not informed us as to the precise action of 
the antitoxin, and Ehrlich’s side-chain hypothesis has been valiantly used 
to explain the resultant condition in the economy. Tetanus antitoxin has 
not shown any power to dislocate poison once united with the protoplasm. 

Administered immediately on injury it has proved a specific both in 
veterinary and human medicine. Kocher even states that any physician 
should be subject to reproof who fails to use it following street and 
infected injuries. Care should be exercised in the variety of the serum 
and method used. Villard reports thirty-one cases following the prophy! 
actic use of the serum. The standard unit in the United States since 
1907 is that the immunity unit shall be ten times the least quantity of 
antitetanic serum necessary to protect a 350 gm. guinea-pig for ninety- 
six hours against the official test dose of toxin furnished by the laboratory 
of the P. H. and M.-H. Service. One hundred and fifty units per cubic 
centimeter is the least that is now offered for use. The prophylacti 
dose should be certainly 1,500 units or 10 ec. of any such standard 
preparation. 

Its value decreases with every minute of elapsing time. ‘The various 
methods of administration have been, subcutaneous, intravenous, intra 
cerebral, subarachnoid, intraneural and spinal. 

Subcutaneously it is slowly absorbed. The mz “™um amount does 
not appear in the blood for twenty-four hours, the g.2ater portion being 
eliminated unchanged by the secretions, milk, feces, and urine. It is 
not taken up by the nerve-substance at all. 

When given intravenously it appears in the thoracic duct in a few 
minutes. In spite of this it must be borne in mind that two minutes 
after a fatal dose of the toxin, twice as much antitoxin is necessary as 


would have been required if given simultaneously; eight minutes later, 








OTS se ee eee 


C2 ee 





774 THE ARCHIVES OF INTERNAL MEDICINE 


ten times as much; and ninety minutes, forty times; and so on. To lose 
twenty-four hours where minutes mean death is not sound medicine, even 
if the remedy were of known value. 

Subarachnoid injections do not affect the toxins in the cord as far 
as is known. Whether used subcutaneously, intravenously, or subdurally, 
the antitoxin finds its way to the lymph and the blood, there to destroy 
only that part of the poison remaining in the wound, or which is circulat- 
ing in the blood to attack other motor nerve plates. In all probability 
tetanus toxin is a compound body — tetanospasmin producing the clin- 
ical tetanic phenomena of the disease —and tetanolysin destroying 
certain erythrocytes, and whose molecular structure resembles that of 
diphtheria toxin in having a combining haptophore group for antitoxin, 
and another, or toxophore group. 

The intracerebral method has no rationale whatever and adds a serious 
shock to conditions already desperate. This is plainly evident if the 
lymph circulation of the cerebrum is considered at all. The active drain- 
age apparatus for the effete plasma being briefly as follows: 

In the walls of the cerebral vessels between the muscularis and the 
adventitia exist the Virchow-Robin lymph spaces carrying plasma from 
the blood-vessel walls along the course of the vessels to the lymph lacune 
of the pia. A subsidiary system of little value to nervous tissue. The 
active drainage apparatus consists of two varieties of neuroglia cells. 
One wedge-shaped lying just beneath the perindyme, the horse-hair cells 
with branches lying on the free surface of the cortex. The other more 
important are the pedasteroid — those myriads of peculiar cells with 
fleshy bodies and channeled feet, which take up the waste fluids and solids 
and empty into the perivascular lymph spaces of His. These at least have 
a selective action, as after cerebral hemorrhage we find them filled with 
detritus of red blood-corpuscles, and after acute toxemias euch as alcohol, 
ricin, etc., are swollen and disintegrating. 

The His perivascular lymph space empties directly on the epicerebral 
surface, from which point through the lymph slits of Arnold it finds its 
way through the pial lymphatics and eventually through the foramina at 
the base of the skull by the deep cervical lymphatics into the thorax.® 

Tetanus antitoxin administered by the intracerebral method simply 
arrives at the same point as in other methods, and is not absorbed by the 
nerve substance, the process being equivalent to purifying a reservoir by 
sterilizing the mouth of a stream. 

By the intraneural method antitoxin must stand or fall. It must be 
injected directly into the nerve plexuses leading from the wound, into 
the hypoglossal and spinal accessory, into the cauda, even into the cord 
itself between the sixth and seventh vertebre. The cauda must be injured 


6. Berkley: Abstract in Johns Hopkins Hosp. Bull., June, 1909 
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to obtain results. Keen hints at a laminectomy for this purpose. Reliable 


statistics at present concerning this remedy after symptoms have appeared 


are, to say the least, discouraging. 

The careful statistics of Jacobson in 203 cases, in which all the meth- 
ods described were used, gave a mortality of 80.7 to 93 per cent. in the 
acute cases, and 32 to 50 in the subacute. 

It is a matter of grave doubt if patients dying after fifteen days do 
not succumb as much from exhaustion as from the disease. An impor- 
tant method of eliminating this factor, scarcely mentioned in our text- 
books, is related to the control of sensory impressions. The multitude of 
sensory impulses that pass over the nerves and in health register no 
impression and no motor response. In this disease they do produce such 
action. Here we have a direct motor and a reflex sensory tetanus. 

A muscle contracted by a single stimulus will further contract by a 
series of stimuli. In the sensory cell itself a single stimulus may produce 
no response, while a series will call forth a reaction. A summation of 
stimuli occurs in the cell protoplasm. In health we recognize marked 
changes in a physiologically tired and exhausted neuron from one at rest. 
While it is not within the scope of this paper to discuss the intimate 
structure of a neuron, it should be noted that up to a certain point, 
recovery is possible for the neuron. Function is restored long before 
histologic changes have passed away and on distinctly similar lines as 
those observed in the acute toxemias, such as alcohol, ricin, bacillary 
infections, and diphtheria. 

For the normal integrity of a neuron it should receive a normal 
peripheral stimulus, no more, no less. 

In tetanus it is essential to produce sensory nerve-block not only to 
cells directly affected by the toxin, but also to protect cells not so directly 
affected, from receiving disordered stimuli resulting in perverted impulses 
and deranged metabolism. It is as important to prevent sensory impres- 
sions going in as to prevent motor ones coming out. Tetanus antitoxin 
should be used in every case of tetanus, but other methods that have 
proved of value in the past should not be neglected. Sulphate of magnesia 
is in no sense a specific for tetanus, but produces temporary relief from 
the paroxysms. Chloretone, the latest addition to the medicinal remedies 
advocated, is undoubtedly of value in this regard, perhaps the best to 
date. Free catharsis and the use of salt solution should not be neglected. 

It is in preventive medicine that antitoxin finds its sphere. By its 
aid we can practically eliminate from our prognosis the presence of 
tetanus as a complication, not only in infected wounds, but in postoper- 
ative tetanus. It is well known that with the most careful surgical 
technic on concealed parts of the body, such as the intraperitoneal and 
rectal regions, this complication occurs. The literature of this variety is 
increasing. Peterson has recently collected records of 101 cases previous 
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to 1890, and forty-nine since. Others could be added; one case has 
occurred on the Isthmus at Santo Tomas Hospital, Panama. The ratio 
of peritoneal to non-peritoneal operations as to tetanus mortality remains 


nearly the same to-day as in the preantiseptic era. It is extremely fatal 


in all forms. The average mortality is over 86 per cent. and does not 
represent the true severity of the disease. In ninety-two cases, with an 
incubation of less than ten days there were four recoveries, a mortality of 
96 (95.65) per cent.; fifty-eight of these occurred from the seventh to the 
ninth day after operation, with only one recovery. In fifty-four cases 
with an incubation from ten to twenty-five days, there were thirteen 
recoveries, a mortality of 76 (75.92) per cent. The average duration is 
likewise brief. In 124 cases, 117, or 94.35 per cent., lasted under ten 
days, and ninety-three, or 80 (79.49) per cent. of the 117 patients, died in 
the first three days of the disease. But seven cases had a duration of ten 
to twenty-five days. Antitoxin fails when the attack has once developed, 
as in other forms of the disease, as can be seen from the following: 


POSTOPERATIVE TreTANUS, TuirRty-E1gGHTr PATIENTS TREATED WITH ANTITOXIN 

Incubation under ten days.. 23 | Deaths 22 | Recovery 1 | Mortality 95.65 

Incubation ten to twenty days 15| Deaths 9{ Recovery 6 | Mortality 60.00 
POSTOPERATIVE TETANUS WITHOUT ANTITOXIN 


Incubation under ten days... . 59 | Deaths 56 | Recovery 3! Mortality 94.92 


Incubation ten to twenty-five days, 38 | Deaths 31/ Recovery 7 | Mortality 81.58 


According to current reasoning this would prove, if it proves anything, 
that antitoxin is of no value under ten days and reduces mortality 22 
per cent. in cases with an incubation of ten to twenty-five days. I know 
of no one with the temerity to seriously advance such a proposition. The 
only reasonable conclusion is that, as in other forms, the reduced mor- 
tality is due to the character of the attack and the length of incubation 
and the duration. 

While this form of tetanus has followed the use of silk, silkworm gut, 
silver wire, kangaroo tendon and catgut, in the great majority of cases 
catgut has been used. In cases in which the peritoneum has been opened, 
the mortality has been much greater than following other operations. In 
119 cases with peritoneal interference the mortality was 90.76 per cent. 
In thirty-one cases in which the peritoneum was not opened the mortality 
was 80.65 per cent. 

In the twenty-one cases of Richardson, nineteen, or 90 per cent., 
followed peritoneal interference. In these cases catgut was used in the 
suture of the wounds. By the most searching methods of investigation 
no contamination was found in the catgut used. He reports that at the 
operations, of which 1,492 were intraperitoneal, 


Royal Infirmary in 4,377 
no case of tetanus appeared with gut from the same source as used in the 


fatal cases. The attempt to prove that these cases all came from one 
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section in England, where there exists epidemically a disease of sheep 
known as louping ill, which presents all the symptoms of tetanus, and the 
presence in the abdominal cavity of a large bacillus resembling that of 
tetanus, has no standing with the profession. 

It should be noted in this connection that for the development of the 
tetanus bacilli the presence of a mixed infection seems necessary, the 
presence of some aerobic organism that will consume the oxygen rapidly 
and allow the tetanus bacillus to develop. Development does not occur 
in healthy tissue. 

Cateut has been conclusively shown to be infected. and still be nega- 
tive to cultural tests. In twenty-four fatal cases, isolation of the bacillus 
was obtained in only eight. 

Aside from catgut we should take into consideration facts usually 
overlooked. Living bacilli oceur in 5 per cent. of healthy men, and up 
to 20 per cent. in hostlers, dairymen, etc. In the domestic and herbiv 
orous animals such as the horse and cow, we find living tetanus bacilli, 
probably more virulent by their temporary stay, in the intestinal canal. 
Spores and bacilli can be inhaled or swallowed with dust; raw, uncooked 
vegetables, berries, and other fruits derived from manured and fertilized 
soll. 

We can certainly diminish the frequency of this form of the diseas 
as a complication, by using only catgut that has been autoclaved at 110 
to 115 F. and the use of small sizes not over No. 3. 

Other measures have been suggested, such as purgation, suppression 
of uncooked vegetables and fruits for several days previous to operation, 


the administration of antitoxin while the patient is still under the anes 


thetic. Such precautions seem to have a reasonable basis and are well 
worthy of trial. 


ANTITOXIN AND CHLORETONI 


I desire to report briefly four cases of tetanus treated at Colon Hos 


pital with antitoxin and chloretone. The detailed reports of these cases 


will be made later by Dr. Brem. chief of the medical clinic. 


CASE | Acute tetanus; recovery Male; white: aged 10: ineubation ten 
days; duration sixteen days; splinter in foot 

On August 5, the patient ran a splinter into his foot; the wound was dressed 
ind apparently healed in two or three days Patient was first seen by me on 
August 17, at which time there was difficulty in opening and closing the jaws 
lwo days previously he had noticed some slight stiffness and pain on opening the 
mouth. He was immediately admitted to the hospital at 2:50 p. m. as a tetanus 
patient. The temperature on admission registered 102.5 Though apparently 
vealed and hard to find, the place of injury was opened and a piece of tissue 
removed and wound thoroughly cauterized \ splinter was found imbedded in 
the tissue. over half an inch in length. Under ether anesthesia 3.000 units of 
intitoxin were given intraneurally into the sciatic nerve of the leg below the 
groin and 3.000 more intravenously by the median basilic vein of the arn The 


symptoms continued to increase steadily with rigidity, convulsions, arching 
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back, and rising daily average temperature and disassociation of the normal 
pulse and respiratory rhythm up to the tenth day of the disease. The condition 
of the patient at this time was decidedly serious. On the eleventh day (day 
beginning at 3 p. m.) the temperature had risen to 104.5 F., pulse 156, respiration 
38, and remained with small change at this point until 4 a. m. when a marked 
change occurred for the better, the temperature falling 4.5 to 100 F., pulse 116, 
and respiration 24 per minute, the first material fall of temperature, pulse and 
respiration since the third day of the attack. The improvement in the general 
condition continued until on the sixteenth day the temperature touched normal, 
pulse 96, respirations 18. Decreasing stiffness and irritability continued for some 
days later. The last convulsion was recorded on the twelfth day. From the 
splinter were recovered classical tetanus bacilli, which caused tetanus in guinea- 
pigs. From the time of the ether anesthesia until the eleventh day, as occasion 
required, chloretone was given in solution by rectal enema in 30-grain doses. 
Complete relaxation followed each dose, lasting from eight to sixteen hours, 
during which time the patient slept quietly. Antitoxin was given daily sub- 
eutaneously in doses of 3,000 units. Liberal nourishment was supplied by 
nutrient enema and stomach tube feeding. Saline solutions with frequent laxa- 
tives to promote elimination by the skin and kidneys. 

Seven leukocyte counts on various days gave an average of 14,600, and the 
differentials a diminished eosinophil percentage. 

In the temperature chart the marked change between the tenth and eleventh 
day, almost in the nature of a crisis, should be noted and compared with the 
data and plan in the section on prognosis as to duration of the disease in the 
accompanying paper. (Chart 10. Temperature, pulse and respiration. ) 

Case 2.—Acute tetanus, traumatic. Male; colored; Barbadian; aged 34; 
machinist’s helper; incubation ten days; duration eight days nineteen hours; 
fatal. 

On August 9, at about 9:30 p. m., the patient’s foot was crushed by an engine. 
On admission half an hour later, foot was amputated at tarsometatarsal joint. 
Sloughing of the flaps occurred five days later. August 20, ten days from injury, 
noticed some stiffness in opening and closing of the jaws. Under ether anesthesia 
3,000 units of antitoxin were given intraneurally into the sciatic nerve of leg and 
6,000 units intravenously in the basilic vein of arm. From this time daily 3,000 
units antitoxin were given subcutaneously and, as symptoms required, chloretone 
in 60-grain doses by rectal enema. As in the previous case, relaxation followed 
promptly, continuing from eight to sixteen hours and even longer, the patient 
resting and sleeping quietly. Laxatives, salines, and nourishment as in Case 1. 
No amelioration occurred in the regular progress of the disease. The temperature, 
pulse and respiration continued more erratic until on the eighth day at 4 p. m. 
it stood at 104.5 F., pulse 140, respiration 40, with a general condition that 
indicated a fatal termination, which occurred the next day at 3 p. m. 

Four leukocyte counts on various days from the second to the sixth gave an 
average of 17,000 and diminished eosinophils in the differentials. In this case 
no tetanus bacilli were obtained, or cultures from wound that produced tetanus in 
guinea-pigs. 

The subnormal temperature on the ninth and part of the tenth day of incuba- 
tion, a condition frequently seen in these cases previous to any symptoms of 
tetanus, may be noted in Chart 11. 

Case 3.—Acute traumatic tetanus; fatal. Male; colored; Jamaican; aged 
10; ineubation five days; duration two days nineteen hours. 

On November 23, the patient fell beneath a box-car, crushing left thigh and 
right thumb. Admitted at 10 p.m. Amputation of the thigh at lower third; 
thumb dressed. On November 29, five days after injury, he was very irritable 
to touch, sensitive to light, and cried out frequently as if in pain. The next 
morning the neck was stiff, abdominal muscles rigid and the back arched. The 
patient was removed to the operating room and the stump reamputated 4 inches 
above the old wound, with amputation of the thumb at first joint. 
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Under ether anesthesia 6,000 units of antitoxin were given into the sheath 
of the sciatic nerve and 3,000 more intravenously into the median basilic vein. 
On recovering from the ether, 30 gr. of chloretone were given by rectal enema 
producing complete relaxation. An attempt was made six hours later to give 
antitoxin into the cervical cord but was unsuccessful; in lieu 6,000 units were 
given subcutaneously. On the morning of the 30th, twenty-four hours from the 
first symptoms of tetanus, the temperature was normal and pulse 80. Four 
hours later temperature was 101.4 F. and rising steadily (pulse 160), until at 
noon the next day it registered 105.3 F., pulse 168, respiration 42. Death 
occurred eight hours later at 8:45 p. m. 

A leukocyte count twenty-four hours after first symptom of attack gave an 
average of 58,000, the differential showing 81 per cent. polynuclears, decreased 
eosinophils, 3 myelocytes, and 39 nucleated red blood-cells in 515 cells counted. 

Large numbers of tetanus bacilli were recovered from the wound, which caused 
tetanus in guinea-pigs. At autopsy smears from multiple abscesses in the liver 


7 8 


Resp 


Fig. 12.—Chart showing temperature in a case of traumatic tetanus termi- 
nating fatally. Male patient, aged 10, Jamaican. Amputation, thigh and thumb. 
Incubation, five days; duration, two days nineteen hours. Treatment: antitoxin 


(intraneurally, intravenously, intramuscularly), and chloretone. 


gave Gram-positive cocci in chains. While this case was acute with short ineuba- 
tion, the end was undoubtedly assisted by the complicating septic pyemia present. 

Case 4.—Male; aged 24, Barbadian, acute traumatic tetanus; fatal; incuba- 
tion eight days and eighteen hours; duration one day nineteen and one-half hours; 
laceration of toe. 

On February 25, at 11 a. m., the patient received an injury crushing the right 
little toe with small laceration of the surface. During the next five days he ran 
a small daily temperature averaging normal on the sixth and seventh days from 
injury. At 5 a. m. on the morning of the eighth day he complained of stiffness 
of the jaws. The temperature remained subnormal at 97 F. during forenoon. 
An intramuscular injection of antitoxin (3,000 units) was given immediately, 
and later the injured toe was amputated under ether anesthesia, with 3,000 units 
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of antitoxin in the sheath of the sciatic nerve in upper third of the thigh and 
3,000 more intravenously in the basilic vein of arm. When he recovered from 
anesthesia, 60 gr. of chloretone were administered by rectal enema. The symp 
toms steadily increased, with rigid abdomen, arched back, frequent convulsions 
of the trunk muscles; exaggerated reflexes and a double Kernig present. Sixteen 
hours after previous injection (sciatic and intravenous), 6,000 more antitoxin 
units were given intravenously. The temperature rose steadily to 105.4 F., pulse 
160 to 180 and respiration 32 per minute. Death occurred at 12:30 p. m., forty 
three and one-half hours after first symptom of the disease. 

From the beginning to the end there was at no time the slightest amelioration 
of the symptoms or halt on the progress of the disease. By three methods in 
twenty-four hours, 15,000 units of antitoxin were used; and in less than thirty 
hours, 150 gr. of chloretone by mouth and rectal enema and four hypodermies of 
% gr. each of morphin without the slightest apparent effect in controlling convul 
sions or causing muscular relaxation save, possibly, as to some decrease in rigidity 
of the jaw muscles. Not even hypnosis was produced, the patient remaining con 
scious and able to answer questions and protrude the tongue up to an hour of 
decease. At autopsy the liver was cirrhotic. Cultures before and after death 
from the wound gave no tetanus bacilli, but small Gram-positive cocci, some in 
pairs, and large Gram-positive bacilli resembling air bacilli. Inoculation of 
yuinea-pigs did not produce tetanus. Two leukocyte counts on first and second 
days gave 7.200 and 14,400 leukocytes. In the differentials no eosinophils wer 


present. 


Here are four cases of tetanus of acute variety — one recovery and 
three fatalities —in which chloretone was used to produce relaxation 
from museular spasm and convulsions with an entirely successful result 
in this regard in three, and total failure in one. No deleterious action 
as to heart or respiratory centers, or interference with the functions of 
the skin and kidneys, was observed in any case. 

It should be further noted that on the seventh day in Case 1, cold 
sponge baths were given at high temperature periods to assist in radiation 
and elimination. Theoretically, this procedure is contra-indicated as a 
stimulant to the sensory nervous system. These baths were given while 


the patient was under chloretone and the result as to the general condi- 


tion was most happy for the time being. The effect on the temperature 
range was small up to the time of the change in the record between the 
tenth and eleventh days, from which point the fall was quite marked, at 
one time 3.5 degrees, the reduction lasting some time. Neither chloretone 
nor sulphate of magnesia can be considered as a specific for tetanus, but 
a part of symptomatic treatment. 

The objections to sulphate of magnesia are: First, the technic of its 
use, a point of no importance scientifically, but of practical moment 
in the hands of the general practitioner, as it calls for special assistance 
and causes delay in the treatment of a disease where the utmost celerity 
is necessary. Second, the depression of the respiratory centers often to 
an alarming extent. And, third, the records to date, in which the char- 
acter of the attack, incubation and duration periods of the disease are 
considered, do not show that the progress and ultimate result in any total 
number of cases has been modified. While magnesium sulphate will 
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unquestionably produce relaxation from muscular spasm and convulsion, 
chloretone apparently produces the same result without any of the dangers 
attributable to spinal injection of sulphate of magnesium. 


CONCLUSIONS 

Tetanus is comparatively a rare disease, occurring in temperate zones 
as the cause of about one in 1,520 deaths from all causes. 

The mortality has not been reduced by treatment, save as to prevention. 

Tetanus is five and a half to six times as frequent in the tropics as 
in temperate climes, owing chiefly to the variety of the disease. 

In temperate zones, 86 to 87 per cent. belong to the traumatic and 
idiopathic variety. 

In the tropics, 8¢ 
include tetanus neonatorum. 

Climate: In temperate zones a twenty-year record shows that 68.3 
per cent. occur in the warmer months of the year from May to October; 
43.58 per cent. in June, July and August; most common in July and 
least common in March. 

Tetanus predominates in the tropics; no difference worthy of note 
appears in the different months of the year. 

Sex: In temperate zones, among males, in 4,100 cases, a ratio of 3.29 


. 


} to 87 per cent. occur under 1 year of age and 


to 1, the ratio rising at various periods of life to 9.50 to 1. 


In the tropics the ratio of the sexes is equal, sometimes predominating 


in female. 

Age: Frequency at the various ages of life. 

Temperate zones: 1,000 cases. Under 1 year 14.08 per cent.; 1 to 20 
years, 39.80 per cent.; 20 to 40 years, 23.82 per cent.; 10 to 40 vears, 
50.90 per cent. 

Three thousand and thirty-eight cases. Under 1 year, 22.31 per 
cent.; 1 to 20 years, 37.80 per cent. ; 20 to 40 years, 21.09 per cent.; and 
10 to 40 years, 45.32 per cent. 

Tropical zones: 3,947 cases. Under 1 year, 86.47 per cent.; 1 to 20 
years, 52.94 per cent. ; 20 to 40 years, 34.71 per cent.; and 10 to 40 years, 
51.24 per cent. 

In the Canal Zone, during six years there were only twenty-five cases 
with twenty-one deaths and four recoveries; mortality 84 per cent. 
Among the cases there occurred puerperal tetanus, tetanus neonatorum, 
and postoperative tetanus, three of the most deadly varieties of the 
disease. 

Leukocytosis seems to occur in tetanus, twenty-six counts averaging 
13,200, not always due to the condition of the wound. 

Eosinophils were diminished in six cases as in other fevers. 

Incubation period, 1,092 cases, patients under 1 year excluded: One 
to ten days, acute tetanus, 73.35 per cent.; ten to twenty days, subacute 
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tetanus, 26.65 per cent. From the sixth to the ninth day, 50 per cent. 
of all cases are found — the maximum on the seventh day. 

Duration period, 1,264 cases, patients under 1 year excluded: One 
to ten days acute tetanus, 78.88 per cent.; ten to twenty days subacute 
tetanus, 21.12 per cent. 

Mortality: Other things being equal, this is very little higher in the 
tropics than in colder climates. 

Mortality in 1,264 cases as to duration of the disease: Under one day, 
90 per cent.; one to ten days, 78.32 per cent.; ten to twenty days, 25.85 
per cent.; twenty to twenty-five days and over, 4.76 per cent. 

Not until the tenth day does the patient have an equal chance for life 
and death, and between the tenth and the eleventh day the line of recovery 
crosses the death-line, and from this point mortality decreases steadily 
and rapidly regardless of treatment. 

Postoperative tetanus: Incubation and duration very brief as a rule, 
average mortality, 86 per cent. Ninety-two cases, one to ten days, mor- 
tality 95.65 per cent.; fifty-four cases, ten to twenty-five days, mortality 
76 per cent. Peritoneal interference 117 cases, mortality 90.76 per cent. ; 
non-peritoneal, thirty-one cases, mortality 80.65 per cent. 

Antitoxin is of small value save as to prevention. It should always 
be used in conjunction with other measures. 

In estimating the value of any reported treatment as to reduction of 


mortality, the incubation and duration of the disease must be considered. 
Not until at least thirty cases can be recorded with an incubation under 
seven days, a duration of less than ten days, and a mortality of 55 per 
cent. and under, can any such treatment be accepted as modifying the 
prognosis. No such treatment exists at present. 

I wish to express my thanks to Col. W. C. Gorgas for permission to 


publish this paper. 


Colon Hospital. 
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A COMPARATIVE INVESTIGATION OF THE EFFECTS 
AND TOXICITY OF SODIUM SALICYLATES OF 
NATURAL AND SYNTHETIC ORIGIN * 


J. A. WADDELL, M.D. 
CHARLOTTESVILLE, VA. 


PART 1—INTRODUCTION BY TORALD SOLLMANN 

There is a very prevalent, although not quite universal, belief that 
salicylates prepared synthetically are less effective, and especially that 
they are more dangerous and more toxic, than salicylates prepared from 
the “natural” methyl salicylate, that is, from unadulterated oil of winter- 
green or oil of sweet birch. This subject is of great practical importance, 
on account of the extensive use of salicylic compounds in medicine, and 
the tendency and often the absolute need of pushing the dosage to the 
very limit of tolerance. If there is in fact any material difference in the 
effects, prescribing should certainly be confined exclusively to the less 
dangerous variety. 

On the other hand, the difference in cost between the two varieties is 
very considerable. For instance one of the two synthetic brands used in 
this investigation is quoted, at wholesale, at 45 cents per pound, while a 
commercial “natural” brand costs $7.20 per pound. This difference may 
often be a serious consideration in itself. More serious still, however, 
it leads to very extensive sophistication. It is commonly stated that the 
adulteration begins at the still, the farmer adding the cheap synthetic 
methyl! salicylate to his wintergreen or birch to increase the yield. Since 
it is difficult, if not impossible, to detect a manipulation of this kind, 
unless the distiller grows altogether too rapacious, even an honest manu- 
facturer of “natural” salicylate is often not altogether certain of the 
purity of his product. Human nature being what it is, it may be safely 
assumed that some manufacturers, wholesalers and retailers are not 
altogether above the temptation of adding somewhat to the work which 
was begun by the distiller. It is therefore by no means certain that the 


specification “natural” always accomplishes its object —a matter which 


may well arouse apprehension if there is a serious difference in the action. 
If there is no such difference, it would be distinctly worth while to remove 
this apprehension and to encourage the direct prescribing of what one is 
more or less likely to obtain in any case. 

*The expenses of the research were in large part borne by the Therapeutic 
Research Fund of the American Medical Association. 

*From the Pharmacological Laboratory of the Medical School of Western 
Reserve University, Cleveland. 
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From either standpoint, then, it seems important that this question 
of the relative toxicity of the salicylates of different origin should be 
definitely answered in one sense or in the other. Considering its impor- 
tance, one may wel! be surprised at the paucity of available accurate data 
bearing on the question. 

In the clinical literature I have not so far encountered an attempt, 
even —a serious, unbiased attempt — to solve the question by accurate 
and controlled observations. Much of the sentiment against the synthetic 
drug seems to be based on isolated unfortunate occurrences, such as might 
also occur at times with the “natural.” Somehow, one is reminded of the 
old proverb, “Give a dog a bad name,” ete. Such experiences are sug 
gestive rather than convincing. , 

Experimentally, there seems to have been but one series of observa 
tions, namely that of Charteris and Maclennan. Judging from the fre 
quency with which these observations are quoted by the advocates of 
“natural” salicylic acid, it is evident that they have been generally consid 
ered pertinent, valid and important. 

Dr. Waddell’s repetition of this work shows, however, that the results 
were not reliable, owing in part, at least, to the choice of animals 
(rabbits) which exhibit considerable differences in their susceptibility to 
salicylates. The experiments were not sufficiently extensive to discount 
this idiosynerasy. This, of course, could not be predicted. But even 
granting that the observations were reliable, and thus granting the pres 


ence of dangerous impurities in some samples of synthetic salicylates, 


as they were on the market in 1889 when Charteris’ experiments were 


made — granting all this, it would not follow that the synthetic salie 
lates marketed over twenty years later would, of necessity be equally 
impure or equally dangerous. 

In view of the importance and uncertainties of the yuestion, the 
Research Committee of the Council on Pharmacy and Chemistry has 
planned a thorough-going investigation, along both clinical and experi 
mental lines. The present paper is the first fruit of this investigation. 

In planning these experiments, we had no occasion to doubt the 
validity of the results of Charteris. We desired, however. to ascertain 
whether the samples now on the market showed similar impurities, 
and to check and extend his observations on other species of animals. 
Dr. Waddell very kindly undertook to make all the experiments and 
observations; but they were abundantly checked by Dr. J. D. Pilcher 
and by myself. 

The first problem concerned the securing of proper samples. For 
the reasons pointed out, we did not feel satisfied with accepting the 
commercial samples of “natural” salicylate as necessarily true to name. 
This difficulty was fortunately overcome by an offer of Prof. J. U. Lloyd, 
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of Cincinnati, to prepare for us a supply of sodium salicylate from natural 
oil of birch, made under his personal supervision. As a check, however, 
we also used a sample of sodium salicylate purchased from a firm 
(Merrell) which has been especially active in sounding the dangers of 
synthetic salicylates, and which should therefore take special pains that 
these do not contaminate their “natural” salt. 

For the synthetic samples, we desired to secure some of the poorest 
specimens which are actually dispensed to patients. To this end we had 
a druggist place an order with two Chicago wholesale houses for “2 Ibs. 
sodium salicylate, cheapest bulk.” All of these samples are being exam- 
ined chemically at the Association laboratory, and this examination will 
be reported in due time. 

Passing now to the results, which are herewith reported by Dr. Wad- 
dell, it is evident that there is no difference in the effects or toxicity of 
the samples examined, the most carefully prepared and expensive “natu- 
ral,” and the cheapest “synthetic.” 

This raises two further questions: (1) Can these conclusions be 
extended to man? and (2), Can they be extended to all samples of syn- 
thetic salicylate ? 

1. Can the conclusions be extended to man? The extensive use which 
has been made of Charteris’ results by the opponents of synthetic salicy- 


lates fortunately saves us the necessity of replying to the line of argu- 
ment which is usually put forward when experimental evidence conflicts 


with commercial interests. 

The cautious will always be careful in extending animal experiments 
to the human subject, and will keep an open mind until the clinical 
checks have been made. However, it may fairly be concluded that if a 
toxic impurity were really present in the synthetic samples, it would have 
manifested its dire effects in at least one of the three widely differing 
species of animals (cats, rats and rabbits) which were here used. 

2. Can the results be extended to all samples of synthetic salicylates? 
To this there can only be one answer: The fact that two samples of 
synthetic salicylates were pure does not prove that all samples are pure. 
It does prove, however, that there is no cause for the indiscriminate 
condemnation of all synthetic salicylates, even the purest; and moreover, 
that the cheapest “stuff” supplied by drug-stores is not necessarily dan- 
gerous. If the cheapest brands are just as good as the “natural,” it is 
probable that the standard “synthetic” brands are also good. 

The matter is altogether too important, however, to warrant relying 
on mere probabilities. Certainty can be attained only by the direct 
examination of all, or practically all, of the brands on the market, and 
by the examination of individual samples to which bad effects have been 
charged. This is quite feasible, since a very few experiments on the 
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uniformly reacting rats will give data of sufficient accuracy. Dr. Waddell 
already has this investigation under way, and the four synthetic samples 
which have been examined so far, in addition to the two brands reported 
in this paper, fall within the ordinary limits of toxicity of the natural 
salicylates. 

In conclusion I wish particularly to call attention to the concluding 
request of Dr. Waddell for samples suspected of producing untoward 
effects. 

PART II1.—EXPERIMENTAL INVESTIGATIONS 
METHOD OF INVESTIGATION 

The method employed in this comparison of the natural and synthetic 
salicylates consisted in administering the drugs to animals in definite 
dosage per kilogram and observing the symptoms produced by the smallest 
effective, lethal and intermediate doses of the one as compared with those 
of the other. Throughout this paper the following symbols are used 
to designate the preparation used in each instance: “D” Lloyd’s natural ; 
“M” Merrell’s natural; “A-1” Fuller and Fuller Company, synthetic; 
“A-2” Robert Stevenson and Company, synthetic. 

In all cases the drug was administered hypodermically, 0.9 per cent. 
saline being the solvent employed. For cats, a 10 per cent. solution 


was used; for rats, a 20 per cent.; and for rabbits, a 35 per cent. 
Both fractional and single dosage were tried. Every precaution was 
used to secure exactness of dosage. The required number of cubic 
centimeters, or decimals thereof, was measured with a pipette into a 
conical glass from which it was drawn into the syringe. After the 
injection had been made the syringe and the glass were washed and the 
water used for the purpose was injected at a different site from that used 
in the first instance. The needle was introduced into a fold of skin 
previously shorn, if the hair was long and thick, and after the injection 
had been made the site of entrance of the needle was compressed until 
there was no tendency to ooze. In most cases the point selected was the 
side of the abdomen, but injections were also made over the shoulders, 
over the popliteal space, and under the abdomen. The animals used were 
cats, wild rats, and tame rabbits. For the most part the injections were 
made in the forenoon and thereafter the animal was observed for six 
hours; if it survived, its condition was noted next morning. 

The experiments on the different animals will now be discussed in 
their several groups. Under each dosage a table will be given showing 
the drug used, the weight of the animal, and the leading symptoms. 
Special features will be described in brief notes following each table. 

EXPERIMENTS WITH CATS 


General Description —All the cats used were in good physical condi- 


tion; they were kept during the course of the experiments in wire cages 
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with sawdust on the floor and were provided with bread, milk, cooked 
meat and water. Seventeen animals were experimented on, divided into 
five groups of different dosage, some of each receiving the synthetic and 
others the natural. The most characteristic symptoms noticed were 
vomiting, increase of reflexes, extreme weakness, convulsions and death. 
Vomiting, occurring in the case of every cat except one, was a very early 
symptom and was produced in from twenty minutes to one and one-half 
hours in 90 per cent. of the animals. Whether early or late bore no 


relation to the kind of salicylate or the dose given. 


Origin of Salicylate Emesis.—It is interesting to note that emesis follows on 
hypodermic injection of salicylates, after a latent period of at least twenty 


minutes. Repeated examination failed to reveal the presence of salicylates in the 


vomitus. Salicylates may, therefore, produce emesis by a central action. 
Increase in reflexes was shown without exception. It became evident 
in from forty minutes to two hours and forty-five minutes, and was inde- 
pendent of dosage or kind of salicylate. Usually the first indication was 
a slight tremor about the head, most evident when the animal’s attention 
was attracted in some way. It resembled the “intentional tremor” of 
multiple sclerosis. Usually developing about the same time (fifty minutes 
to two hours forty-five minutes) the cat evinced a hvpersensitiveness to 
sound. This, at first transient, soon became permanent and increased in 
acuteness until the faintest sharp noise caused the animal instantly to 
rise bodily from the floor. Later on (one hour seventeen minutes to five 
hours twenty minutes) the animal exhibited a kind of restlessness mani 
fested by frequently getting up and lying down or turning from side to 
side. Coexisting with the restlessness or succeeding it, great weakness 
was exhibited, in that the animal if it tried to walk was unsteady and 


seemed to be weak in the lumbar region. Verv late in the course of the 


experiment (one hour thirty-four minutes to five hours) it assumed a 


prone position with its feet and legs at its sides, which was followed in a 


short time by abduction of the forelegs and descent of the chin to the 

floor. In many instances, in from one hour thirty-five minutes to five 

hours, the animal rolled over on its side and Jay with its feet at right 

angles to its body. About this time (from one hour thirty-five minutes 
five hours) the animal when held by its hind legs was unable to bite 
» hand. 

Immediately following the above, the animal went into convulsions. 
The onset was characteristic. The ears would suddenly be tucked down, 
the hair on back and tail rise up, the back arch and the head flex acutely, 
after which came a series of clonic convulsions involving chiefly the 
At the onset, the cat would partly rise on its feet and then 
The limbs were the last parts to be involved 


extremities. 
tumble forward on its face. 
and continued their rapid to-and-fro motion as the seizure wore off. Each 
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convulsion lasted for half a minute. In the intermission, varving from 
one to five minutes, the animal usually lay on its side in a relaxed 


condition. 

After one or more convulsions the attacks would cease; respiration 
then became irregular, slow and finally gasping. The heart, which was 
irregular and very rapid before respiration ceased, became slow and 
regular, and continued for a few seconds. As the animal died, the sphine 
ters were relaxed in most cases; the pupils were widely dilated and the 
lips blue and covered with froth. Early in the course of the experiment 
(from fifty minutes to two hours twenty-five minutes) dyspnea was 
marked; salivation was present; the animal refused to take food or 
water. In none of them was there any evidence of paralysis until after 
the convulsion; examination for this symptom was made from time to 
time by having the animal climb down the side of the cage. Up to the 
time of the convulsions, the ability to coordinate was unimpaired. 

The experiments performed on cats were as follows (time of ocem 
rence of symptoms is given in hours and minutes calculated from the 
beginning) : 

EXPERIMENT 1.—Three cats were given 1.4 gm. per kg. of salicylate in frac 
tional dosage; i. e., 0.2 gm. per kg. every fifteen minutes. 

Increased 

Drug Wt. in Kg. Emesis Reflexes Convulsion Death 

D 1.38 1:06 1:53 3:23 3:50 

\-] ; 2.00 0:30 2:20 : 3 

A-l . 1.54 2:00 2:3: 2:50 

From the time of the injection all refused to eat or drink and soon showed evi 
dences of salivation. During the time of observation all became very dyspneic 
and showed a reduction in temperature of 2° C. The symptoms were typical in 
each case, except that one did not vomit. During the last convulsive seizure the 
sphincters were relaxed and a quantity of pale urine voided. Post-mortem signs 
bore evidence of death by asphyxia. 

There was no difference in the effects produced by the synthetic (A-1) and 


the natural (D). 


EXPERIMENT 2.—Five kittens were given 1.2 gm. per kg. in divided doses as 


in Experiment 1. 
Increased 

Drug Wt. in Kg Emesis Reflexes Convulsion I 

D 0.70 1:09 1:20 1: 

D 0.40 0:5! 1:20 Rs 

\ 0.70 1:03 1:17 2:28 

A- 0.42 1:32 1:43 


Jeath 
35 1:55 
35 1:52 
2:30 
$:08 
s . 


5 
' 
3 


A. , 0.50 4:18 2:45 6:15 18:00 


Among these the first three are practically like one another and those of 
Experiment 1; there were dyspnea, salivation and a reduction of temperature of 
half a degree C. in each case. The fourth compared favorably with the first three, 
except that there was no marked dyspnea and no increase in reflexes’ (auditory). 
The fifth showed delayed occurrence of all the symptoms. 

Here, then, again as in Experiment 1, the synthetic and the natural show no 
essential differences. What difference there is in time of death is in favor of the 

” 


synthetics, especially A-2. 


1. Whether this animal was deaf had not been determined. 
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Since death does not occur for several hours, the fractional dose 
method seemed unsuitable for determining the just-fatal dose, and the 
entire quantity was therefore administered in a single injection in the 


following experiments. 


EXPERIMENT 3.—Two cats were given 1.1 gm. per kg. in one injection. 
Increased 
Drug Wt. in Kg. Emesis Reflexes Convulsion Death 
D 26 0.50 1.30 5.00 5.30 
A-1 1.26 0.60 0.50 2.15 2.35 
Here, with two animals of exactly the same weight and receiving the same 
dosage, one of the synthetic, the other of the natural, the symptoms were dif- 
ferent, only in the time of occurrence, in favor of the natural. Dyspnea was 
very marked and was exhibited late. The convulsions seemed more severe than 
in Experiments 1 and 2. There was no relaxation of the sphincters at death. 


EXPERIMENT 4.—Four cats were given 1.0 gm. per kg. as in Experiment 3. 
Increased 
Wt.in Kg. Emesis Reflexes Convulsion Death 
0.48 0:45 1:40 0 in 6:00 18:00 
0.51 0:60 2:15 5:11 18:00 
0.40 3:30 l: 0 in 6:00 18:00 
0.90 0:15 1:15 3:45 18:00 
The third did not vomit until late; Nos. 1, 3 and 4 did not show much dyspnea 
ind Nos. 1 and 3 did not have convulsions within 6 hours, but by this time Nos. 
1 and 4 were too weak to stand, while No. 3 was in very good condition. All died 
during the night. 
In this experiment the results differ chiefly in the failure of two of the animals 
to have convulsions within six hours and delayed emesis in the case of the 
synthetic (A-1). 


EXPERIMENT 5.—Three cats were given less than 1.0 gm. per kg. 
Increased 
Cat Drug Wt.in Kg. Dose Emesis Reflexes Convulsion Death 
D 1.60 0.8 1:00 0 in 6:00 24:00 
4-1 2.70 0.9 :55 1:10 5:35 6:00 
\-2 2.30 0.9 745 1:15 0 in 6:00 24:00 
Cats 2 and 3 showed marked dyspnea; Cats 1 and 3 did not have convulsions 
within the time of observation, and on the morning following were very weak, 
refused to eat, and evinced increased reflexes; both died during the day. 
rhe slight differences in this experiment are in favor of the synthetic (A-2) 
delayed vomiting and delayed death). 
f 


These five series of experiments show that the synthetic and the 


natural salicylates affect cats essentially alike. Taking all the experi- 


ments as a whole and comparing them symptom by symptom, we find 
them just about the same in kind and in time. For instance, vomiting 
(with one exception, and that in favor of the synthetic) occurred early 
as often with one as with the other. The reflex disturbances did not 
differ in kind and were as often early in one as in the other, while the 
one failure to occur was after the synthetic (A-2). The data are also 
if 


equally divided as regards fatality, for out of five receiving the natural, 
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four had convulsions and died within six hours, while one died in eighteen 
hours, and out of the same number receiving the synthetic the same 
effects were observed. Therefore, considering the results as a whole, no 
essential differences were observed in the effects produced in cats, whether 
the natural or the synthetic was used. 


These results tabulated in percentages are as follows: 


Increased 

Dose per Kg. Emesis Reflexes Weakness Convulsion Death 
1.4-1.0 90! 90? 50° 100 100 
1.0-0.8 100 100 58* 425 100 

1. The failures were with A-1l. 

2. The failures were with A-2. 

3. Failures equally divided between the natural and the synthetic. 

4. The failures were with the natural (D). 

5. Exhibited as often after the natural as after the synthetic. 


EXPERIMENTS WITH WILD RATS 

General Description.—The rats used in these experiments were com- 
mon wild rats, caught with cage-traps in neighboring stores and stables. 
All the rats used were uninjured and in good condition and were kept 
in wire cages, provided with bread, cheese and water. In most cases they 
were used on the day of their capture. They were weighed in a smal! 
box into which they were allowed to “escape” for the purpose. In making 
the injection a portion of skin was drawn through the meshes of the cage 
with long forceps, so that on the whole the animal was disturbed very 
little. Thirty-six of these animals were used, being divided into seven 
groups receiving different dosage, some the synthetic, others the natural. 
The most striking symptoms noticed were increase of reflexes, stupor, 
salivation, convulsions and death. However, only the last two were what 
may be called characteristic; the others being of variable occurrence. 

The increase in reflexes, when evinced, resembled the same symp- 
tom in cats. It occurred in about 50 per cent. of those which had 
received fatal doses. During the course of the experiment most of them 
became very dyspneic, and showed evidences of salivation. A sort of 
stupor was exhibited later; i. e., they appeared dazed and if poked would 
not try to bite. But even this was no more constant than increase of 


reflexes. Unlike the cats, they would drink at times. Many assumed a 


prone position for a short time just prior to the convulsion. Then thev 


would suddenly spring up from the floor and fal] over on the side in a 
convulsion. In most cases the convulsions lasted for half a minute and 
were repeated at intervals of one minute, in some instances as often as 
ten times. The convulsion resembled that in the cat. At the onset ther 
was emprosthotonos, which continued throughout each attack, while a 


violent, rapid to-and-fro motion engaged the head and the limbs. The 





| 
| 
| 
| 
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yradually subsided and the animal remained lying weakly 


convulsions g 


on its belly. 
The phenomena of death were the same as in the cat. The sphincters 


were usually relaxed; the lips were blue and covered with froth. 
EXPERIMENT 1.—Two rats were to receive 2 gm. per kg. in fractional dosage; 
1 gm. per kg., in half an hour 0.2, and thereafter 0.2 gm. every quarter hour. 
Increased 
Rat Drug Wt. in Kg. Reflexes Convulsion Death 
l. D 0.26 1:00 
Ze A-l . . 0.38 1:00 2:05 2:06 


rhe first rat drank once, became very dyspneic and died after receiving 1.6 
gm. per kg., without convulsion or other symptom. The second lived for twenty 
minutes after the Jast injection and showed a characteristic chain of symptoms. 
After the third injection it drank freely; after the fourth (one hour) it became 
very irritable to sound and evinced tremor at intervals. These symptoms 
increased in intensity toward the end, which occurred during the first convulsion. 

Che natural in this case proved to be the more toxic. 


EXPERLMENT 2.—Four rats were given 2 gm, per kg. at one injection. 
Increased 

Rat Drug Wt. in Kg Reflexes Convulsion Death 

l. D 0.062 O:11 0:12 

2. D 0.061 0:17 

3 \-1 0.064 0:17 

} \-] 7.067 0:20 0:21 0:28 


The fourth alone showed increased reflexes; otherwise Rats 1 and 4 were alike 
In this experiment with animals of the same size, there was a singular pairing 

of effects, giving about the same results for the synthetic as for the natural. 
EXPERIMENT 3.—Two rats were given 1 gm. per kg. as in Experiment 2. 

Increased 

Rat Drug Wt. in Kg. Reflexes Convulsion Death 

l. D 0.36 0:55 1:10 1:13 

2. A-l 0.38 1:05 1:25 1:28 


[he first evinced tremor; Rat 2 urinated during the time of observation; both 
were very irritable to sound and compared closely all through, except in the 
slight difference in the time of occurrence of the symptoms, in favor of the syn 
thetic Neither relaxed the sphincters at death and at autopsy their bladders 


were empty 


EXPERLMENT 4.—NSix rats were given 0.75 gm. per kg. at one injection. 
Increased 

Rat Drug Wt. in Kg Reflexes Convulsion Death 
! D 0.180 1:03 1:08 
2. D 0.240 0:36 0:37 
3 M 0.160 0:38 7:43 
}. A-l 0.063 : 1:33 1:43 
5 \-1 0.120 1:29 1:29 
6 4-2 0.110 0:35 0:35 


rhe fourth alone showed unmistakable increase in reflexes: otherwise all 
behaved alike, showing dyspnea, salivation, stupor, and finally convulsions fol- 
lowed by death without relaxation of sphincters. There was some difference in 
the time of occurrence of the symptoms, but this was not greater in the case of 
a difference in drug than in case of the same drug on a different animal. 
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EXPERLMENT 5.—Eight rats were given 0.65 gm. per kg. 

Rat Wt.in Kg. Convulsion Death 
0.170 0:18 0:25 
0.065 0:35 1: 
0.140 
0.070 0:56 1:06 
O.115 0:40 0:50 
0.110 0:32 0:45 
0.150 0:50 1:00 
0.120 0:53 1:05 


One of those receiving the natural (M) exhibited no symptoms, while all the 
other animals with this and with the three other preparations had convulsions 
and died. Increased reflexes occurred in Rat 4, which had received the injection 
of the natural (M). 


EXPERIMENT 6.—Five rats were given 0.50 gm. per kg. at one injection 
tat g Wt.in Kg. Convulsion Death 
1. 0.180 
: 0.140 
0.063 
0.037 
0.031 


The second alone had convulsions and died. It may be noted that this was the 
same preparation of the natural that had proved an exception in the opposite 
direction, in Experiment 5. 


EXPERIMENT 7.—Eight rats, ranging in weight from 0.052 kg. to 0.200 kg 
were each given 0.35 gm. per kg. at one injection (two rats for each sample, D 
M, A-1 and A-2). None of them showed any symptoms. 


In the case of the rats, it has been shown in the above experiments 
that the symptoms following the administration of the synthetic and the 
natural are almost identical. Profound disturbance was manifested as 
often with one as with the other. The following percentage table will 
show this more clearly: 


All Preparations Increased Stupor, Convulsion, Death 
in Doses of gm. Reflexes, 
per Kg. Per cent. Per cent. Per cent. Per cent 
0.75-2.00 . ‘ 50.0 60 80 100.0 
0.65 12.5 T5t 
0.50 16§ 
0.35 
* The failures to exhibit this symptom occurred with the natural D (14 per 
cent.) and synthetic A-1 (6 per cent). 
The failures in this case occurred with the natural M and the synthetic A-2 
(each 12.5 per cent.). 
tOnly one failure and it occurred after natural M. 
$Occurred only after natural M. 


EXPERIMENTS ON RABBITS 
The rabbits used were tame ones secured from a local dealer. They 


were kept in wire cages having sawdust spread on the floor, and were fed 


on bread and cabbage and given free access to water. When large injec- 
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tions were made the point where the needle entered was ligated to prevent 
oozing. ‘Twenty-seven experiments were performed on these animals, 
divided into six groups receiving different dosage, some the natural, others 
the synthetic. 

The most striking symptoms were extreme weakness, convulsions and 
death. As a rule the animal showed few symptoms. The earliest effect 
was a loss of appetite; and if profoundly affected, the animal ceased to 
be playful or to take notice, having a tendency to stay by itself. In only 
a few cases was there an evident increase in reflexes as evinced by tremor 
and sensitiveness to sound. Most of the animals drank at intervals, 
became salivated, and urinated during the course of the experiment. 
Just prior to the convulsion the rabbit woul! ussume a prone attitude 
like that described in the eat. Gradually its chin sank to the floor, follow- 
ing which there was a falling, of the head first and then of the body, to 
one side. The anima! lay in this position for a few minutes with feet 
at right angles to the body and head acutely flexed. When the convul- 
sive seizure came, its head would become sharply extended, while the spine 
remained slightly arched and its limbs underwent the same to-and-fro 
movements observed in cats and rats. The convulsion was in most cases 
repeated at intervals of from one to five minutes; during the intermission 
the animal lay weakly on its side or belly. As death approached, the 
attacks became weaker and weaker, and the respiration slow, irregular, 
and finally gasping. The heart continued for a few beats, being very slow 
but regular. Asa rule the sphincters were relaxed. Post-mortem exami- 
nation showed evidence of asphyxiation. 

Preceding my data under each dosage I will give briefly the results 
obtained by Charteris and Maclennan* wherever the dosage is the same. 


They administered, in one of their experiments, 5.22 gm. per kg. of 
natural sodium salicylate with only transient effects, the animal recover- 
ing perfectly in four hours. I did not repeat this experiment, since much 
smaller doses proved fatal in my rabbits. 


EXPERIMENT 1.—Charteris and Maclennan, experimenting on rabbits, found 
2.93 gm. per kg. of the synthetic salicylate fatal, while the same dose of the 
natural caused only transient disturbances. They used a solution in distilled 
water (2 gr. in 6 minims) and administered it hypodermically, in fractional 
dosage, as follows: The first four injections, at intervals, respectively, of six min- 
utes, thirty minutes, and thirty minutes, were each of 12 minims (or 4 gr., equiva- 
lent to 0.65 gm. per kg.) and the fifth, at an interval of four minutes from the 
fourth, was of 6 minims (or 2 gr., equivalent to 0.33 gm. per kg.). 

In the course of my investigations, I repeated their procedure on one rabbit 
using Lloyd’s natural salicylate (D). Since my results differed greatly from 
theirs, I will give their observations in comparison with mine. The total dosage 
at any time in the experiments is enclosed in brackets. 

I. Charteris and Maclennan; natural salicylate; one rabbit, weighing 0.397 kg. 


2. Charteris and Maclennan: Brit. Med. Jour., 1889, ii, 1208. 
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The first effect noted was a transient spastic condition of the hind legs, which 
followed the second injection (1.30 gm. per kg.). The second effect noted was 
paresis of the hind legs and tremor, which followed the third injection (1.95 gm. 
per kg.). The third effect noted was a transient increase of the paresis and 
tremor, which followed the fourth injection (2.61 gm. per kg.). No further 
symptoms were noted and recovery was perfect. Total drug used was 18 gr., 
equivalent to 2.93 gm. per kg. 

II. Charteris and Maclennan; synthetic salicylate; one rabbit, weighing 
0.397 kg. 

Immediately after the first injection (0.65 gm. per kg.) there were backward 
movements and transient paralysis of the flexors of the hind legs. Immediately 
after the second injection (1.3 gm. per kg.) there were rapid backward and 
circular movements with paresis and dragging of the hind legs. After the fourth 
(2.61 gm. per kg.) the paralysis was more pronounced and protracted; prostra- 
tion was more marked; and the reduction in temperature was 0.4° F. Following 
the fifth injection (2.93 gm. per kg.) a “new symptom” was noticed. There was 
a distinct paralytic condition of the fore legs, the animal having no control of 
them; they would slip under when it tried to walk forward so that the breast and 
the jaw rested on the table. Paralysis deepened, and became more general until 
the animal seemed to lose contro] of all muscular movement. Just before death 
occurred, the paralysis of the fore legs seemed to be more marked than that of 
the hind legs, which seemed to have recovered. The animal died in an hour and 
thirty minutes from the beginning of the experiment. Total drug used was 18 
gr., equivalent to 2.93 gm. per kg. 

III. Performed in this laboratory; Lloyd’s natural salicylate (D) ; one rabbit, 
weighing 0.720 kg. 

After the first injection (0.65 gm. per kg.) the animal squealed several times 
and ran around the cage a few turns, but seemed normal. After the second 
injection (1.3 gm. per kg.), it ate a little bread and seemed to be perfectly 
normal, After the third injection (1.95 gm. per kg.) there was evidence of 
dyspnea, the respiratory rate being 120; the temperature had now fallen 2° F. 
After the fourth injection (2.61 gm. per kg.) the dyspnea was more marked, the 
respiratory rate being 150. No further symptoms were noticed until twenty 
minutes after the last injection, when the animal began to exhibit restlessness and 
seemed to prefer to lie flat on its belly; it could, however, walk and sit in a 
normal manner; there was no paralysis. After thirty more minutes had elapsed, 
the animal exhibited more marked restlessness; tremor and irritability to sound 
were evinced; following the development of these symptoms, the animal assumed 
a prone attitude with its chin on the floor between its fore legs; there was no 
paralysis. Five minutes later there was a convulsion, which was repeated in 
five minutes. After the second convulsion, the rabbit lay on its side in a relaxed 
condition, and the respiration became slow and labored. It died from asphyxia 
in five minutes after the second convulsion, its pupils being widely dilated and 
its sphincter relaxed. The animal died in two hours sixteen minutes from the 
beginning of the experiment. Total drug used was 2.93 gm. per kg. 

To summarize: At the same dosage per kg. both the natural and the synthetic 
used by Charteris and Maclennan were more paralytic than the natural used in 
this laboratory; their natural, less fatal; and their synthetic equally fatal, but 
less convulsive. 

EXPERIMENT 2.—Charteris and Maclennan administered 1.14 gm. per kg. of 
the synthetic salicylate to a rabbit in divided doses (0.163 gm. per kg. at five- 
minute intervals). They observed after the fourth injection (0.652 gm.), excite- 
ment, backward and circular or rotatory movements; then transient paralysis of 
the flexors of the hind legs so that a forward movement was performed by drag- 
ging on the belly. These lasted about one minute. No further symptoms devel- 
oped and the animal recovered. 

As a comparative experiment they administered to another rabbit 1.0 gm. per 
kg. of the natural in the same manner, and no symptoms developed. 
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In this laboratory, eight rabbits were experimented on with the dosage and 
mode of administration quoted above. The preparations of salicylate used and the 
results are as follows: 

Increased 
Rabbit Drug Wt. in Kg Reflexes Convulsion Death 
l. 0.60 none observed 18:00 
1.20 lived 
1.40 lived 
0.82 lived 
-l 0.45 2:3 2:48 2:50 
l _ “7.70 105 1:40 
l 1.40 1:37 
2 0.34 0:4: 3: 4:20 


The four which were given the synthetic died within six hours, while only one 
having the natural died and this not until after six hours. Of the acutely 
fatal, one (7) showed no symptoms, but the symptoms exhibited by the other 
three resembled those of rabbit D of Experiment 1. Salivation was evident in No. 
8. The one which died late, though weak and dyspneic, did not have a convulsion 
within six hours. All which survived showed no symptoms except dyspnea and 
loss of appetite, and they were playful and hungry inside six hours. It may be 
noted that those which received the synthetic fared worse than the others. 

To summarize: The results on eight rabbits appear decidedly unfavorable to 
my synthetic as compared with my natural salicylates; but further, both my syn 
theties (A-1 and A-2) and my natural salicylate (D) appear to be more fatal 
than the synthetic used by Charteris and Maclennan. 

EXPERIMENT 3.—Charteris and Maclennan did not find either the natural or 
the synthetic fatal when given fractionally to the extent of 1.55 gm. per kg. and 
observed just about the same symptoms quoted in Experiment 2. My data 
with a dosage of 1.4 gm. per kg. at one injection are as follows: 


Rabbit Drug Wt.in Kg. Convulsion Death 
1. M. 0.860 5:34 6:00 
2 A-l 1.140 lived 
3. A-l. 1.040 lived 

4. A-l 1.700 lived 

Except loss of appetite, none but the one that died showed any symptoms. 

In this experiment the natural (M) fared worse than the synthetic (A-1) and 


worse also than Charteris and Maclennan’s natural and synthetic. 


EXPERIMENT 4.—Seven rabbits were given 1.2 gm. per kg. at one injection. 
Increased 
Rabbit Drug Wt. in Kg. Reflexes Convulsion Death 
& 0.80 ‘ 1:50 2:10 
2. 0.80 ‘ 2:40 3:10 
3 0.98 lived 
j ; 0.88 lived 
5. j 1.12 2:30 lived 
b. . 1.26 1:10 lived 
7. A-: 1.34 3:55 4:00 4:02 
All became dyspneic and refused to eat. There was a reduction in temperature 
of about 2° C. in each case. Only the last three showed an increase of reflexes. At 
the end of the experiment those that survived seemed normal. It is very striking 
that all that had received an injection of D, a natural salicylate, died, while all 
receiving A-1l, synthetic, lived; also that one rabbit survived after M, natural, 
and one died after A-2, synthetic. 
The results, therefore, are in favor of the synthetic. 
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EXPERIMENT 5.—Charteris and Maclennan did not find 1 gm. per kg. of the 
natural productive of any symptoms in the one experiment they performed. 
Administering 1 gm. per kg. at one injection I obtained the following results: 


Rabbit Drug Wt.in Kg. Effects 
1. ah 0.92 No symptoms lived 
2. D éiavex, Se No symptoms died in 18 hours 
3. 7 eee No symptoms lived 
4. A-2...... 0.90 No symptoms lived 


None of these exhibited any characteristic symptoms. They urinated profusely, 
refused to eat, and lay huddled together for the first few hours; after that they 
became playful and hungry. One, however, that had received the natural died 
during the night. 

Those with the synthetic, therefore, fared better. 


EXPERIMENT 6.—Three rabbits that had resisted smaller doses were given 1.6 
gm. per kg. at one injection. 


Rabbit Drug Previous Drug Wt.in Kg. Convulsion Death 
1. D A-l, 1.4 0.96 5:30 6:00 
2. A-l A-1, 12 0.84 0 in 6:00 18:00 
3. A-2 A-l, 1.4 1.20 2:35 2:40 
The second, though failing to have convulsions or die during the term of the 
observation, was dyspneic, irritable and weak, and maintained a prone attitude. 
Taking the experiments as a whole, it is seen that the natural and the syn- 
thetic salicylates affected rabbits essentially alike, the failures in one experiment 
being practically offset in another. Presented in tabular form we find the results 
as follows: 
Dose Increased Convulsion Death 
gm. per kg. Reflexes Per cent. Per cent. 
Per cent. eT 
33* 667 100 
62 40 62t 
40 40 408 
“Was shown in case of the synthetic. 
7Present as often with the natural as with the synthetic. 
tIn fractional dosage more constant with the synthetic, but in single dosage 
with the natural. 
§More constant after natural (D). 


COMPARISON WITH THE RESULTS OF CHARTERIS AND MACLENNAN 


Comparing the results of Charteris and Maclennan with those obtained 
by me, there are seen to be very great differences, which are difficult to 
explain : 

As regards fatality Charteris and Maclennan had no fatality with the 
natural, even with a dose as high as 5.22 gm. per kg. Our natural salic- 
ylate showed a 100 per cent. fatality with doses between 1.4 and 2.93 gm. 


per kg.; and a 44 per cent. fatality with doses between 1.0 and 1.2 gm. 


per kg. Our natural salicylate appears, therefore, to be much more toxic 
than that of Charteris and Maclennan. 

With their synthetic, Charteris and Maclennan found 2.93 gm. fatal, 
1.6 not fatal. Our synthetic showed a 100 per cent. fatality even with 
1.6 gm. and a 38.5 per cent. fatality between 1 and 1.4 gm. Our syn- 
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thetic, therefore, also appears to be more toxic than theirs; but whereas 
they claim a great difference in the relative toxicity of their natural and 
synthetic samples, ours are essentially alike; indeed the synthetic are 
mathematically somewhat /ess toxic; but the difference falls well within 
the limits of error. 

In this connection, | would point out that Charteris and Maclennan 
used only one animal for each dosage. Indeed, to judge from their com- 
ments, it appears that they used only two animals in their investigation, 


one for all the doses of the natural, and the other for all the doses of the 
synthetic. If so, they neglected the ordinary precaution of excluding 


idiosyncrasy by control tests. Our results show that this is very necessar) 
for rabbits, for these animals exhibit considerable individual variation: 
some animals survived as high as 1.4 gm. per kg. while others died with 
1 gm. and several with 1.14 gm. This individual resistance is quite 
limited, however, for, as shown in my Experiment 6, three rabbits which 
had survived from 1.2 to 1.4 gm., all died with 1.6 gm. Our results. 
therefore, cannot explain the survival of the rabbits from the large doses 
employed by Charteris and Maclennan. They might possibly be due to 
differences of food, but it would be idle to speculate on the basis of the 
scanty data which are furnished. 

The size of the animal did not seem to be a factor in any of my experi- 
ments; certainly not among the cats and the rats, and it is not evident 
among the rabbits, since large ones died as often and as soon from smal! 
doses as did the small ones from large doses; and with the same dosage 
results were about equally divided. 

There was a seeming difference in resistance on the part of certain 
rabbits; out of four injected with 1.0 gm. per kg. only the largest died: 
out of seven with 1.2, the two smallest and the largest died ; of three with 
1.6 gm. per kg., all fatal, the two largest died several hours sooner than 
the smallest. 

Another marked difference in our results is in the description of 
the symptoms. Charteris and Maclennan describe an immediate reaction. 
consisting in excitement, rotatory movements and transient partial paraly- 
sis, occurring in both rabbits with non-fatal doses, but much more marked 
and with much smaller doses in the synthetic. None of my rabbits exhib- 
ited anything resembling this description even remotely. This suggests 
that the symptoms were a peculiarity of the particular animals — and 
this in turn would explain why they were so slight in the “natural” 
rabbit. The immediate occurrence and transient character of the symp- 
toms suggest that they were due to local irritation rather than to the 
systemic action of the salicylate. 

The true salicylate symptoms shown by my animals did not occur 
until later and only with doses which approximated the fatal. 
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PART LI—SUMMARY OF EFFECTIVE AND FATAL DOSES 

In the following, an attempt is made to place the relations of dosage, 
effects, and rapidity of action on a quantitative basis. For the sake of 
simplicity, the four samples are here grouped together. This is justified 
by the close agreement in their effects, which have been described with 
sufficient detail in Part II of this paper. For the fatal dosage, however, 
the natural and synthetic are also tabulated separately. 

Except loss of appetite and salivation, which were present in all the 
animals experimented on, early symptoms were constantly present and 
unmistakable only in the case of the cats. 

Anorexia was present in al] cats, almost from the moment of injection, 
no matter how small the dose; even after 0.2 gm. per kg. in the course 
of the experiments with fractional dosage; and in the animals that did 
not die acutely it persisted. This applies not only to food but also to 
water; I have seen the animals repeatediy approach the vessel containing 
water and touch the surface with the nose, but turn away without drink- 
ing a drop. 

Emesis occurred in 94 per cent. of all cats and is tabulated as follows: 
Time in Number Per cent. — Dose Administered when Emesis Occurred — 


Hours of An- of An 1.4 1.2 1.1 1.0 0.9 0.8 0.6 


imals imals ———————— Nu mber of Animals 
%- 1 3 
i. 2 
%, - 


% 


1 
1%- 
, Ee 
Failed .. 6 l 


] 
l 
l 
l 
l 


l 
1% 
2 


w 
sto ho Orbe 


Examination of this table will show (1) that 0.6 gm. per kg. may 
produce vomiting; (2) that the largest ineffective dose was 1.4 gm 
per kg.; (3) that the shortest time was fifteen minutes; (4) that the 
longest was four hours fifteen minutes; (5) half of the animals vomited 
within three or four hours and two-thirds within an hour (a delay of 
over two hours is exceptional); (6) that the time of the vomiting is 
not dependent on the dosage, large doses not hastening and small not 
delaying the effect; (7) that emesis occurred just as readily after natural 
as after synthetic (of seven cats receiving between 0.8 and 1.1 gm. all 
vomited ; of ten cats receiving 0.6 to 1.4 gm. of synthetic, all but one 
vomited — this had received 1.4 gm.). 

Increased refleres were present in 94 per cent. of all cats and are 
tabulated as follows: 

Time Number Percentage ————Effective Dose in gm. per kg.——— 
of An of An- 1.4 1.2 1.1 1.0 0.9 0.8 
imals imals ~——— Number of Animals —— ~ 

0:50-1:20 s 47 3 l l 2 

1:21-1:50 3 17 ! 2 

1:51-2:20 4 24 : ! 

2:20-2:45 l 6 

l 


Failed 6 
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This table shows (1) that increased reflexes may occur with 0.8 gm., 
but (2) may be absent with 1.2 gm. per kg.; (3) that the shortest time 
was fifty minutes; (4) that the longest was 2:45; (5) that half of the 
animals show the effect within 1:20; (6) that the symptom was not 
dependent for its occurrence or time of occurrence on the dosage. 

No attempt will be made to tabulate the early symptoms in rats and 
rabbits. Failure to eat, but not to drink, was always present in these 
animals from the very inception of the drug, and at a variable later time 
salivation was also evident. In non-fatal cases, this and the anorexia both 
disappeared within six hours. 

Convulsions in their relation to time of occurrence and dosage will 
now be considered : 

Cats: Convulsions occurred in 76.5 per cent. of all the cats and are 


tabulated as follows: 


Number Percentage Effective Dose in gm. per kg. 
of An- of An- 1.4 1.2 1.1 1.0 0.9 0% 
imals imals — Number of Animals 
6 35 


1 
2 12 2 


4 1 
l 6 


23% .. 4 1 “ 
4 23% .. ne 7 ‘ l 1 


This table shows that (1) the smallest dose causing convulsion was 
0.9 gm. per kg.; (2) the largest dose failing to cause convulsion was 
1.0 gm. per kg.; (3) large doses were effective sooner than small; (4) 
large doses were more certainly effective; (5) shortest time was 1:35; 
and the longest 6:00 or later. 

Rats: Convulsions occurred in 43 per cent. of all rats receiving doses 
of 0.5 gm. per kg. and higher; and never with 0.35 gm. per kg. The 
results are tabulated as follows: 

Time Number Percentage Effective Dose in gm. per kg. 


of An- of An- 1.6 1.0 0.75 0.65 0.50 0.35 
saci imals 2.0 ——— Number of Animals 
0:11-0:41 $ 43 2 au - 3 6 1 

7 on = l + ig 
11 ash wa , 


- 
» 


36 2 1 4 5 s. 2 8 

This table shows (1) that the smallest dose causing a convulsion 
was 0.50 gm. per kg.; (2) that the largest failing, 2.0 gm. per kg.; (3) 
that increasing the dose increases the liability to die without convulsion ; 
(4) that doses below 0.65 gm. per kg. are rarely convulsive; (5) that 
1.0 gm. per kg. to 0.75 gm. per kg. produces convulsions in 100 per cent. 
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Rabbits: In the rabbits convulsions occurred in 37 per cent. with a 
dosage between 2.93 gm. per kg. and 1.0 gm. per kg.; 15 per cent. within 
the same range of dosage died without convulsions. The results are 
tabulated as follows: 


Time Number Percentage ——-Effective Dose in gm. per kg.—— 
of An- of An- 2.93 1.6 1.4 1.2 1.14 1.0 
wan imals imals ———— Number of Animals ———— 
GOGE ..:...5.. 8 8 ‘a l l 
:54-2:54 15 l I l l 
:65-3:55 ........ 4 1 
3:55-5:35 vee 11 , l ‘ és 
PEE ehacswsss 63 ‘ 4 5 4 

This table shows that (1) the smallest dose causing a convulsion was 
1.14 gm. per kg.; (2) the largest failing 1.6 gm. per kg.; (3) between 
these limits 38 per cent. had convulsions with dosage of 1.2 gm. per kg. 
and 25 per cent. with dosage of 1.4. 

As was previously pointed out, the convulsant effects were alike for 
the four samples. 

Death.—Cats: These proved to be very susceptible to the salicylates ; 
the mortality was 100 per cent. with a dosage of 1.4 to 0.8 gm. per kg. 
The results are tabulated as follows: 

Time Number Percentage ———Effective Dose in gm. per kg.—— 


of An- of An- 1.4 1.2 1.1 1.0 0.9-0.8 
imals imals —— Number of Animals ——- 
30 1 3 l 
12 2 
6 és l : 
ll oe ss l 
29 ai l 4 


12 9 


100 3 5 2 4 3 


This table shows (1) that the smallest fatal dose was 0.8 gm. per kg. ; 
(2) all doses above 0.8 gm. per kg. were fatal; (3) increase in dosage 
hastens death; (4) the shortest time in which death occurred was 1:52. 

Rats: These proved to be very suitable animals, giving uniform 
results. The deaths are tabulated as follows: 

Time Number Percentage ——————Effective Dose in gm. per kg. 
of An- of An- 2.0 1.6 10 =60.75 0.65 0.50 0.35 
my imale ————— Number of Animals - 
0:12-0:48 ..... 19 > a 2 l 
0:43-1:12 f 25 ; - 2 5 
1:13-1:42 ll se - y ] l 
1:63-3:05 ..... 2 6 ] 


Total fatal .... 22 61 ‘1 2 6 7 it 
Total lived .... 14 39 oe ie ; l 5 s 


This table shows (1) that the smallest fatal dose was 0.5 gm. per kg. ; 
(2) that the largest non-fatal dose was 0.65 gm. per kg.; (3) that the 
smallest 100 per cent. fatal dose was 0.75. 
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Rabbits: As previously stated these gave the most inconstant results 
obtained from any of the animals. Tabulated, the fatalities are as follows : 


<r. 


> 


rime Number Percentage ————Effective Dose in gm. per kg." 

of An of An- 2.93 1.6 1.4 1.2 1.14 1.0 

imals imals ———— Number of Animals ————— 

1.04-2:04 ; ll 2 
2:05-3:04 . q ll l 
3:05-4:04 : 7 
4:05-6:00 . q 11 
6:00-18:00 q 11 
Total fatal . 51 


x 
ee 
as 


Bee Shee 


1 
Total lived . val. ae 49 


1. The dose of 1.14 was administered fractionally. 


ers? P55 


This table shows that (1) the smallest fatal dose was 1.0 gm. per kg. ; 
(2) the largest non-fatal was 1.4 gm. per kg.; (3) there is no increase of 
fatality corresponding to increase in dosage inside of the range of 1.0 
to 1.4 gm. 


Sp 8 


COMPARATIVE FATALITY OF THE FOUR SAMPLES 

This is shown in the following table, in which the denominator shows 
the number of animals injected, and the numerator, the number which 
died from this dosage. Doses which give a mortality of 100 per cent., 
and over, are not included since they were alike for all samples. This 
also excludes cats, for which the whole range of doses was uniformly fatal. 
The last column is particularly significant as giving a numerical expres- 
sion to the relation of the different samples. As previously stated this 
difference is apparently in favor of the synthetic, but falls well within the 
limits of normal variation. 


Rats ; ——— Rabbits os Rats 0.5-0.6 an 
Samples 0.65 0.5 0.6-0.5 1.4, 1.2-1.14 1.0 1.4-1.0 Rabbits 1.0-1.4 
Natural D l/l 1/3=33% ; 3/4 1/2 4/6 —67% 5/9 —56% 
Natural M 2/3 3/4=—75% l/l 0/3 1/4 25% 4/8 =—50% 
Both Natural 3/4 4/7=57% l/l 3/7 ‘ 5/10-—50% 8/17=53% 
Synthetic A-1 1/1 1/3=33% 0/3 3/6 3/10=33% 4/13=31% 
Synthetic A-2 3/3 3/5—H0% ‘ 2/2 / 2/3 —67% 5/8 —63% 
Both Synthetic .4/4 4/8—50% 0/3 5/8 , 5/13——38% 9/21—43% 
All Samples 7/8= 7= 8/16 1/4s—= 8/15= 10/23 18/38—= 
88% 14% 53% 25% 53% 259 47% 
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PART IV.—SODIUM PARACRESOTINATE 
Twenty years ago Dunstan* isolated the ortho- and paracreosotic 
acids from samples of synthetic salicylic acid. Among recent writers 
Kunkel* states that the cresotic acids are of importance because they 
may occur as impurities in commercial salicylic acid, and Cushny,* that 
they are found in commercial samples of salicylic acid. 
3. Dunstan: Brit. Med. Jour., 1891, i, 695. 


. Kunkel: Toxikologie, p. 557. 
. Cushny: Pharmacology and Therapeutics, 1910, p. 472. 
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Concerning the toxicity of these acids Charteris found both the ortho- 
cresotic acid and the paracresotic acid markedly toxic to rabbits when 
viministered hypodermically in rectified spirits; 0.34 gin. per kg. of the 
para- acid producing convulsion in two and one-half hours and death in 
three hours, and the ortho- acid being fatal in even smaller doses. Kun 
kel* and Cushny’® state that the ortho- acid affects the heart unfavorably 
and that the meta- acid is inactive, while the former writer says that the 
para- acid may be used therapeutically with good results, 6 gm. adminis- 
tered internally causing only dilatation of the capillaries and sweat 
Kobert® states that the cresotic acids are qualitatively like the salicylic 
acids. None of these writers mentions the toxic dose of any of the cre 
sotic acids. 

Charteris, experimenting with rabbits, found that a mixture of ortho- 


or paracreosotic acid with natural salicylic acid greatly enhanced the 


toxicity of the latter. 

In regard to the toxicity of the sodium salts of the cresotic acids, 
Cushny says that the sodium paracresotinate has been used internally and 
is somewhat less toxic than salicylic acid. I have not found any refer- 
ence to the toxicity of the orthocresotinate. 

I made a few experiments on rats and rabbits with the paracresotinate 
of sodium. The paracresotinate (Merck) was used because it was the 
only salt of cresotic acid which I could obtain at the time of the experi- 
ment. It was administered hypodermically in 10 per cent. solution in 
distilled water. 

EXPERIMENTS ON RATS 

EXPERIMENT 1.—Four rats were injected hypodermically with 0.5 gm. per kg 

with the following results: 


Rat Wt. in Kg. Convulsion Death 


0.320 
0.140 
0.045 
0.050 


0:28 
1:50 


215 lived 


lived 


All of them exhibited marked dyspnea, salivation and stupor; only one had 
convulsions and it recovered in fifteen minutes. Those that died, just prior to 
death, lay on their bellies and could not be aroused by blowing on their heads or 
poking objects at them. They were not paralyzed, for they voluntarily crawled 
at times along the floor of the cage. There was no struggle at death. 


EXPERIMENT 2.—Four rats were injected with 0.45 gm. per kg 
Rat Dose 
l. 0.343 On belly all day: recovered. 
0.065 On belly all day; recovered. 
0.191 Convulsion in 1 hour; death in 
0.141 Convulsion in 1 hour; death in 
Among these the same rate of fatality occurred as in Experiment 1. The con 


vulsive effect was greater. 


EXPERIMENT 3.—Two rats were given 0.35 gm. per kg. They weighed 0.107 
kg. and 0.100 kg.; neither showed any symptoms. 


6. Kobert: Intoxikationen, p. 146. 
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EXPERIMENTS ON RABBITS 
EXPERIMENT 1.—A rabbit of 1.0 kg. was given 0.43 gm. per kg. without 
exhibiting any symptoms. 
EXPERIMENT 2.—A rabbit of 0.90 kg. was given 0.50 gm. per kg.; no effect. 
EXPERIMENT 3.—A rabbit of 0.70 kg. was given 0.55 gm. per kg.; no effect. 
EXPERIMENT 4.—Three rabbits each received an injection of 0.75 gm. per kg. 
Rabbit Wt. in Kg. 
1. 0.78 no effect. 


3. 1.34 dead in 1:40. 
3. 0.82 reflexes increased (1:39); dead 1:54 


EXPERIMENT 5.—A rabbit of 0.86 kg. was given 1 gm. per kg. It died in 2:15 
without convulsion. 


EXPERIMENTS WITH SODIUM PARACRESOTINATE AND SALICYLATE 


There being a possibility of greater toxicity in a mixture of para- 
cresotinate with salicylate, a 10 per cent. solution was prepared containing 
paracresotinate of sodium one part and natural sodium salicylate three 
parts. The following experiments were performed on rats: 


EXPERIMENT 1.—Two rats were given each 0.35 gm. per kg. of the mixture. 
One weighed 0.096 kg. and the other 0.140 kg. Neither was affected in any way. 


EXPERIMENT 2.—Two rats, weighing 0.155 kg. and 0.100 kg. were given 0.50 
gm. per kg. The larger was not affected at all; the smaller had a convulsion in 
0:35 and died in 1:10. 

The toxicity of sodium paracresotinate and of its mixture with sodium salicy- 
late is shown in the following table: 


Rats :— Dose (per kg.) and Mortality 
Salicylate 0.65 gm.—=7/8= 88% 0.5 gm=—l1/7 —14% 0.35 gm.—=0/8=0 % 
Paracresotinate.. 0.45-0.5 gm—4/8 —50% 0.35 gm.—0/2—0 % 
Mixture 0.5 gm—1/2 —50% 0.35 gm.—0/2—0 % 
Rabbits :— 
Salicylate ..... 16 gm=—3/3—-100% 1.4-1.14 gm.—9/14—=47% 1.0 gm.—1/4=25% 
Paracresotinate.. 1.1 gm.—=1/1—100% 0.75 gm=2/7 —67% 0.43-0.55 gm.—0/3—0 % 


This table indicates that the paracresotinate is more toxic than the 
salicylate.’ The difference for rats, although distinct, is small. For 
rabbits it seems about 50 or 100 per cent. more toxic, but considering the 
variability of this animal in the experiments on salicylates, the above 
data are too meager for an exact estimate. The mixture does not exhibit 
a higher degree of toxicity than either of its components. 

Charteris,* experimenting with paracresotic acid on rabbits, observed 
complete paralysis in 2:30 after injecting 0.342 gm. per kg. and death 
thirty minutes later. The effects he describes can be explained on the 
basis of his having used the free acid and alcohol. To compare an alco- 
holic solution of free creosotic acid with an aqueous solution of sodium 
salicylate is, of course, not permissible. 


7. Cushny (Pharmacology and Therapeutics, 1910, p. 472, note) states that 
sodium paracresotinate is a little less toxic than sodium salicylate. 
8. Brit. Med. Jour., 1891, i, 695. 
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V.—CONCLUSIONS 

The conclusions to be drawn from the experiments are as follows: 

1. No differences were detected between the brands of natural and 
synthetic salicylate examined, although the synthetic samples were the 
cheapest obtainable on the market. 

2. Sodium paracresotinate is not very much more toxic than sodium 
salicylate. 

3. Mixtures of paracresotinate of sodium with natural sodium salicyl- 
ate do not exhibit greater toxicity than the components ; hence, impurities 
of paracresotinate are probably of no great practical importance. 

4. The symptoms of poisoning by sodium salicylate, administered 


hypodermically, are early vomiting (central), reflex irritability and con- 


vulsions terminating in death from asphyxia (after acutely fatal doses 
within six hours ; after just fatal doses, in eighteen hours). 

5. The emetic dose for cats is less than 0.6 gm. per kg.; the convulsive 
dose for cats is from 0.9 to 1.1 gm. per kg., for rats from 0.65 to 0.75 gm. 
per kg., and for rabbits from 1.14 to 1.6 gm. per kg.; the surely fatal dose 
for cats is less than 0.8 or 0.9 gm. per kg., for rats 0.65 gm. per kg. and 
for rabbits 1.6 gm. per kg. 

6. The idiosyncrasies are moderate, being most conspicuous in rabbits 
and least in rats; hence, rats are best adapted for comparative tests. 

I would be glad to receive from physicians and others, samples (1 oz. 
or even 1/3 oz.) of salicylates that have produced untoward effects or 
have given grounds for suspicion. These, together with a description of 
the clinical findings, should be sent to me, care of University of Virginia. 

I wish to thank Dr. Torald Sollmann, by whom the subject of this paper was 
assigned to me, for placing the literature at my disposal, for confirming my 


observations in certain instances, and for invaluable assistance in compiling the 
data; and Dr. Pilcher and Mr. Hanzlik for confirming many of the observations. 


University of Virginia. 





LEUKOCYTIC ENZYMES IN LEUKEMIA IN 
NEUTRAL MEDIA * 


ROGER 8S. MORRIS, M.D., ann THOMAS R. BOGGS, M.D. 
ST. LOUIS BALTIMORE 


The enzymes which have been found in the leukocytes in leukemia are 


of three kinds—proteolytic, oxidizing and lipolytic. 


A protease has been reported in chronic myeloid leukemia by a number 


of observers. Erben,' in studying autolysis of leukemic blood, obtained 
evidence of protein digestion which he suspected was due to an enzyme 
contained in the neutrophilic cells; he was, however, unable to demon- 
strate the source of the ferment satisfactorily, but assumed that the 
neutrophils furnished it, since he could find no autolysis in lymphoid 
leukemia. Schumm? demonstrated that the incoagulable nitrogen 
(“albumoses”) of leukemic blood resulted from enzymotic activity, 
though the source of the enzyme was not stated. The occurrence of 
autolysis in the blood of chronic myeloid leukemia was further confirmed 
by Pfeiffer,® who studied material from two cases. He also showed that 
bloods presenting a leukocytosis underwent autolysis, though less rapidly 
than leukemic bloods, a fact which he explained by the smaller number of 
neutrophilic leukocytes in the former. Miiller and Jochmann,* by the 
use of their well-known Léffler serum plate method, showed that pro- 
teolvsis takes place with myeloid leukemic blood, but not with lymphoid 
leukemia. Stern and Eppenstein® arrived at conclusions similar to those 
of Miiller and Jochmann‘; the leukocytes from chronic myeloid 
leukemia liquefied gelatin rendered slightly alkaline, whereas no lique- 
faction occurred if the blood from lymphoid leukemia (lymphocytes 96 
per cent.) were substituted. 

* From the Clinical Laboratory, the Johns Hopkins University and Hospital. 

* Presented before the American Society for the Advancement of Clinical 
Investigation at Atlantie City, May 8, 1911. 

1. Erben, F.: Vorliiufige Mittheilung iiber die Bildung uncoagulabler 
Eiweisskirper im leukiimischen Blute, Wien. klin. Wehnschr., 1902, xv, 276; 
Ueber die Ursache der Peptonbildung im leukiimischen Blute, Ztschr. f. Heilk., 
1903, xxiv (Abt. f. inn. Med.), 70. 


2. Schumm, O.: Ueber ein proteolytisches Ferment im Blute bei myelogener 


Leukiimie, Beitr. z. chem. Physiol. u. Pathol., 1904, iv, 442. 

3. Pfeiffer, T.: Ueber Autolyse leukiimischen und leukocytotischen Blutes, 
Wien. klin. Wehnschr., 1906, xix, 1249. 

4. Miiller, E., and Jochmann, G.: Ueber eine einfache Methode zum Nach- 
weis proteolytischen Fermentwirkungen, nebst einigen Ergebnissen, besonders bei 
der Leukiimie, Mtinchen. med. Wehnschr., 1906, liii, 1393. 

5. Stern, R., and Eppenstein: Ueber Fermentwirkungen der Leukocyten, 
Sitz. d. schles. Ges. f. vaterliind. Cultur. Autoreferat in Biochem. Centralbl., 
1906-7, v, 492. 
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Owing to the hyperplasia of the bone-marrow and the metaplasia in 
the viscera in leukemia, it is not surprising that fermentative activity 
similar to that of the blood should have been found in these tissues. 
Schumm* demonstrated autolysis of the spleen in a case of “acute 


leukemia.” In splenomyelogenous leukemia he found proteolysis in both 


spleen and bone-marrow. A proteolytic enzyme’ has been found in the 


bone-marrow and spleen, to a much less extent in the lymph-glands 
(depending on the degree of the myeloid metaplasia) in chronic myeloid 
leukemia by Jochmann and Ziegler.* In chronic lymphoid leukemia 
Jochmann and Ziegler find a proteolytic ferment in the marrow of the 
ribs and vertebre, “showing,” they say, “that many marrow cells were 
also present.” The spleen from the same case showed no digestive power 
at all, the same result being obtained also with spleens from two cases of 
“pseudoleukemia.” In acute myeloid leukemia their findings® are like 
those in chronic myeloid. 

In view of these findings, it was supposed that proteolysis was a 
distinctive attribute of the granular (i. e., neutrophilic) leukocytes, one 
by which they might be distinguished from the non-granular white cells. 
Nevertheless, Longcope and Donhauser’® demonstrated beyond question 
a proteolytic enzyme in the leukocytes of a case of “acute, large-celled 
lymphatic leukemia,”"' showing that at least certain types of non-granular 
leukocytes do not differ biologically in this respect from the granular. 

In the leukocytes from the same case, Longcope’* found a slight 
lipolytic activity, as determined by the ethyl butyrate method. In a case 
of “mixed-celled leukemia, lymphocytes predominating,” Bergel'* demon 
strated lipase by means of his wax-plate method, the quantity exceeding 


that found when normal! blood was used. 


6. Schumm, O.: Ueber die Autolyse der leukiimischen Milz, Beitr. z. chem 
Physiol. u. Pathol.. 1903, iii, 576; Be itrag zur Kenntniss der Autolyse. I]. Ueber 
die Autolyse des leukiimischen Knochenmarks, ibid, 1903, vii, 175. 

7. It is a matter of some interest that the enzyme retained its activity after 
preservation of three years’ duration in formalin and after twelve years in 
ileohol. 

8. Jochmann, G., and Ziegler, C.: Ueber das Leukocytenferment in Milz, 
Lymphdriisen, und Knochenmark bei Leukiimie und Pseudoleukiimie, Miinchen 
med. Wehnschr., 1906, liii, 2093. 

9. Ziegler, C.. and Jochmann, G.: Zur Kenntniss der akuten myeloiden 
Leukiimie, Deutsch. med. Wehnschr., 1907, xxxiii, 749. 

10. Longeope, W. T., and Donhauser, J. L.: A Study of the Proteolytic Fer 
ments of the Large Lymphocytes in a Case of Acute Leukemia, Jour. Expe 
Med., 1908, x, 618. 

11. Dr. Longeope informs us that the case reported by him is what now 
frequently designated “myeloblastic leukemia.” 

12. Personal communication. 

13. Bergel, S.: Fettspaltendes Ferment in den Lymphocyten, Miinchen. med 
Wehnschr., 1909, lvi, 64. 
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The presence of an oxidizing ferment in myeloid leukemic blood has 
been demonstrated by Meyer,’* who showed conclusively that it is derived 
from the neutrophilic leukocytes and, further, that it is present in the 
normal neutrophilic cells of the blood and of pus. It is not found in 
lymphoid leukemia. Other observers have amply substantiated Meyer’s 
findings. 

That the neutrophilic leukocytes in non-leukemic states in all prob- 
ability contain a proteolytic enzyme was established by F. Miiller*® in his 
classical study on autolysis of pneumonic exudates. Achalme*® suspected 
that pus cells contain a proteolytic ferment, but failed to demonstrate it 
conclusively since he did not employ cells entirely freed from serum. 
Opie,** however, proved that the pus cells of pleural exudates, produced 
experimentally in dogs, contain a protease which he has designated 
“leukoprotease.” By adding a suspension of washed cells to a preparation 
of ox-serum, heated to destroy the antiferment, he was able to study 
quantitatively the extent of the enzymotic activity and found that the 
greatest proteolysis occurred in weakly alkaline media. He has obtained 
similar results with bone-marrow cells.** Jochmann and Lockemann,"® 
with qualitative tests, have substantiated Opie’s findings. 

Achalme,** furthermore, found evidence pointing to the existence of 
lipase, amylase, casease, and oxidase in pus. The amylase converted 
starch into a reducing sugar “which seemed to be maltose.” After filter- 
ing the pus, the residue on the filter possessed greater amylolytic activity 
than the filtrate, from which fact Achalme concluded that the enzyme 
originated in the cells. Apparently, no one has repeated Achalme’s work 
on lipase and amylase in pus, nor did Achalme take into account the 
possible effect of antiferments in the serum. 

No observations are on record as to the ferments of the lymphocytes 
of normal blood. With lymphoid tissues, such as the spleen and 
lymphatic glands, and in tuberculous pus (lymphocytes predominating), 
studies have been made. Thus, Hedin and Rowland®® have demonstrated 


14. Meyer, E.: Beitriige zur Leukocytenfrage, Miinchen. med. Wehnschr., 
1903, 1, 1489. 

15. Miller, F.: Ueber die Bedeutung der Selbstverdauung bei einigen krank- 
haften Zustiinden, Verhandl. d. xx. Congr. f. inn. Med., Wiesbaden, 1902. 

16. Achalme: Recherches sur la présence de ferments solubles dans le pus, 
Compt. rend. Soc. de Biol., 1899, li, 568. 

17. Opie, E. L.: Enzymes and Anti-Enzymes of Inflammatory Exudates, Jour. 
Exper. Med., 1905, vii, 316; Solution of Tissue with Abscess, ibid., 1906, viii, 
536. 

18. Opie, E. L.: The Presence in the Bone-Marrow of Enzymes Resembling 
those of the Leukocytes, ibid, 1905, vii, 759. 

19. Jochmann, G., and Lockemann, G.: Darstellung und Eigenschaften des 
proteolytischen Leukocytenfermentes, Beitr. z. chem. Physiol. u. Pathol., 1908, 
xi, 449. 

20. Hedin, S. G., and Rowland, S.: Ueber ein proteolytisches Enzym in der 
Milz, Ztschr. f. physiol. Chem., 1901, xxxii, 341. 
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a proteolytic enzyme in the spleen of the ox, horse, sheep and hog which 
exhibits its maximal activity in acid media, showing feeble digestive 
power in neutral or alkaline solutions. They find the same or a similar 
ferment** in the lymph-glands and certain other organs. Later Hedin®™ 
described a proteolytic enzyme in the spleen of the ox which was active 
principally in an alkaline medium and to which he gave the name lieno- 
alpha-protease, while he designated the ferment active in an acid 
medium lieno-beta protease. ‘The products of the protein digestion of 
each of these enzymes have been investigated by Leathes** and by 
Cathcart.** 

Lipase has been shown by Bergel** to exist in tuberculous pus, the 
spleen and lymphatic glands, and in the exudate resulting from sub- 
cutaneous injection of old tuberculin in guinea-pigs. 

To summarize the results in literature briefly, it has been shown that 
the normal and pathological neutrophilic leukocytes and myeloblasts 
contain a proteolytic enzyme which is most active in alkaline media; that 
neutrophilic cells contain an oxidase and probably a lipase and an 
amylase; that myeloblasts contain a lipase. In lymphoid tissues, two 
proteases and a lipase have been shown to exist. In leukemia, leukopro- 
tease has been demonstrated in the myeloid variety of the disease (includ- 
ing a case of myeloblastic leukemia), while it has been absent in chronic 
lymphoid leukemia. Lipase has been demonstrated in two cases of myeloid 
leukemia, and oxidase in all myeloid cases observed in which the 
neutrophilic cells were present in excess. 

It seemed to us desirable to examine the enzymes of leukemic leuko- 
cytes in greater detail, including a repetition of the work that had already 
been done and a search for other enzymes. It has been our good fortune 
to have the opportunity of studying the blood of six leukemics within the 
last two years, our material comprising two cases of acute myeloid 
leukemia, two of chronic myeloid and two of chronic lymphoid leukemia. 
We have also made parallel experiments on the cells obtained from 
empyema pus. 

In the cases of chronic myeloid and chronic lymphoid leukemia, blood was 
obtained by passing a needle directly into an arm vein. The needle was con- 
nected with an aspirating bottle containing 500 c.c. of 0.85 per cent. sodium 
chlorid and 1.5 per cent. sodium citrate solution to prevent clotting. About 200 


c.c. of blood was aspirated in each instance. The material was then centrifugal- 
ized at high speed to throw down the corpuscles. The supernatant liquid was 


21. Hedin, S. G., and Rowland, S.: Untersuchungen itiber das Vorkommen 
von proteolytischen Enzymen in Thierkiérper, ibid., 1901, xxxii, 531. 

22. Hedin, S. G.: Investigations on the Proteolytic Enzymes of the Spleen of 
the Ox, Jour. Physiol., 1904, xxx, 155. 

23. Leathes, J. B.: The Products of the Proteolytic Action of an Enzyme Con- 
tained in the Cells of the Spleen, Jour. Physiol., 1902, xxviii, 360. 

24. Catheart, E. P.: The Products of Digestion of the Proteolytic Spleen 
Enzyme Acting in an Alkaline Medium, Jour. Physiol., 1905, xxxii, 299. 
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removed and the leukocytes which separated to form a creamy layer above the 
red corpuscles were transferred by a pipette to fresh tubes. By repeating this 
process it was possible to obtain the leukocytes reasonably free from erythrocytes. 
Finally, the cells were washed three times in physiological salt solution to 
remove the plasma with its enzymes and antienzymes, and were then suspended 
in 0.85 per cent. salt solution, two volumes of the latter being added to one 
volume of corpuscles. The suspension was kept in the ice-chest under toluol until 
used (usually not more than two days). In the two acute myeloid leukemias the 
blood was obtained post mortem, in the one case by aspiration from the heart, 
in the other from the heart and great vessels during autopsy. 


TABLE 1.—BLOOD EXAMINATION FROM EACH CASE 
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* Thirteen per cent. with convoluted nuclei, of which about one-eighth contain neutro 
philic granules (atypical myelocytes). 

In each case the leukocytes were tested for the preseiuce of the follow- 
ing types of endo-enzyme: protease, lipase, amylase, maltase, invertase, 
lactase, a glycolytic enzyme, and oxidase. Since the number of ferments 
tested for was comparatively large and the quantity of leukocytic suspen- 
sion at our disposal relatively small, it was impossible to study the effects 
in more than one reaction. It was, therefore, decided to limit the 
observations for the present study to possible action in neutral media. 

For the greater ease in interpreting results it has seemed desirable to 
give a blood examination from each case (Table 1), including differential 


count. 
PROTEASE 


Leukoprotease was tested by the method of Opie®® as employed by 
Longeope and Donhauser,’® except that we substituted ascitic or pleural 
fluid for ox-serum or horse-serum. 


25. Opie, E. L.: The Enzymes in Phagocytic Cells of Inflammatory Exudates, 
Jour. Exper. Med., 1906, viii, 410. 
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Wethod.—One part of puncture fluid is diluted with 2 parts of 0.85 per cent. 
sodium chlorid solution; the mixture is heated for one-half hour on a water 
bath at a temperature of 75 to 80 C. .o destroy any enzymes or antienzymes 
present. It acquires a milky opalescence After cooling, to 10 e¢.c. of this fluid 
in a small Erlenmeyer flask or test-tube, 1 ¢.c. of 33 per cent. suspension of leu 
kocytes and | ¢.c. of toluol are added. The flask or test-tube is corked, sealed with 
paraffin and placed in an incubator for five days at a temperature of 37 C. It 
is then removed, 10 c.c. of 16 per cent. solution of magnesium sulphate and a 
few drops of dilute acetic acid added to the flask and the mixture is boiled. The 
acid is now neutralized and the contents of the flask boiled again. Finally, the 
coagulable protein is removed by filtration, flask and filter being washed thrice 
with distilled water. The filtrate and washings are collected directly into 
Kjeldahl flasks and the quantity of incoagulable nitrogen estimated by the 
Kjeldahl method. The flasks are always set up in duplicate. For control, the 
experiment is repeated in the same way, substituting | ¢.c. of boiled leukocytic 
suspension for the active unboiled suspension. The controls were also carried 
out in duplicate. The difference in quantity of incoagulable nitrogen in the 
“active” and contro] experiments gives the measure of proteolysis, if present. 


TABLE 2.—PROTEIN (EXPERIMENTS 1 AND 3 ACTIVE, EXPERIMENTS 2 AND 
4 CONTROLS) 
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In all cases, there was evidence of proteolysis (Table 2), with the 
possible exception of Case 3. The comparatively low values are possibly 
explained by the fact that the optimal medium for leukoprotease (of 
the neutrophilic cells) is alkaline, whereas we used only neutral media. 
The results in the two cases of chronic lymphoid leukemia are surprising, 
in view of the negative findings reported in literature. Whether this 
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ferment is identical with the leukoprotease of the neutrophilic leukocytes 
is not clear. Possibly we are dealing with a ferment analogous to Hedin’s 
lieno-beta-protease,** or to that described by Opie** in the macrophages 
or larger mononuclear cells of exudates and by Opie and Barker?* in the 
epithelioid cells of tuberculous tissue, all of these acting best in an acid 
medium, though still active in neutral solution. Until they are proved 
dissimilar, there is no reason for assuming that the proteases of neutro- 
philic leukocytes and of leukemic lymphocytes are not identical. When 
material becomes available, however, we hope to investigate more fully the 
protease of the lymphocytes in chronic lymphoid leukemia. 


TABLE 3.—ETHYL BUTYRATE. (EXPERIMENTS 1 AND 3 ACTIVE, EXPERI- 
MENTS 2 AND 4 CONTROLS) 
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* No boiled cells. t+ No bolled cells added. 


LIPASE 
The ethyl butyrate method of Kastle and Loevenhart*’ was employed 
in testing for lipase. 
Method.—To 0.5 c.c. of ethyl butyrate in a small test-tube were added 0.5 c.c. 


of a 33 per cent. suspension of leukocytes and 0.5 c.c. toluol. The tubes were 
corked, sealed with paraffin and incubated at 37 C. for five days. All experi- 


26. Opie, E. L., and Barker, B. I.: Enzymes of Tuberculous Exudates, Jour. 
Exper. Med., 1909, xi, 686. 

27. Kastle, J. H., and Loevenhart, A. 8.: Concerning Lipase, the Fat-Split- 
ting Enzyme, and the Reversibility of its Action, Am. Chem. Jour., 1900, xxiv, 
491. 
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ments were set up in duplicate. Controls in duplicate were identical, except 
that they contained a boiled suspension of leukocytes. At the completion of 
incubation the contents of the tubes were titrated with twentieth-normal sodium 
hydrate in alcohol, phenolphthalein being used as the indicator. 

Evidence of splitting of ethyl butyrate was obtained in five instances 
(Table 3). It was doubtful in empyema pus and in Case 6. Since the 
cells of myeloid leukemia exhibit lipolytic activity, Bergel’s** contention 
that this property differentiates lymphocytes from neutrophilic cells 
biologically becomes untenable. Indeed, his own positive result in a case 
of “mixed-celled leukemia, lymphocytes predominating” is direct evidence 
against his view, since it is generally recognized that cases which were 
formerly designated as “mixed-celled leukemias” are in reality myeloid 
leukemias presenting an unusually large number of non-granular bone- 
marrow cells (lymphoid cells, myeloblasts, etc.). Longcope’s finding 
confirms that of Bergel, and is identical with our results. 

TABLE 4.—STARCH. (EXPERIMENTS 1 AND 3 ACTIVE, EXPERIMENTS 2 AND 4 
CONTROLS) 
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AMYLASE 


Method—A 1 per cent. starch-water was boiled two or three minutes and 
allowed to cool to room temperature. To 10 c.c. of the starch-water were added 
1 c.c. of a 33 per cent. suspension of leukocytes and 1 c.c. of toluol. As in the 
previous experiments, two active and two control tubes were prepared in each 
ease. The tubes were sealed with paraffin and incubated five days at 37 C. At 
the end of this time the contents of each tube were filtered until the filtrate 
eame through clear. The material remaining on the filter was then tested with 
Lugol’s solution (1:50) for the iodin-starch reaction. The filtrate was exam- 
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ined polariscopically to determine whether there was increased dextrorotation in 
the active tubes as compared with the controls, since maltose and dextrose, the 
end-products to be expected from starch, might be disclosed in this manner. 
After completing the polariscopic examination, a portion of the filtrate was 
tested with Fehling’s solution, and in a few instances subjected to Cippolina’s 
modification of the phenylhydrazin test. In addition (after obtaining some posi- 
tive results), large quantities of material (one case chronic myeloid leukemia; 
pus) were incubated (Table 5). A part of the filtrate was then examined polari 
scopically before and after fermentation with yeast. The remainder was used 
for the phenylhydrazin test. The erystals resulting were purified by recrystal- 
lizing several times from boiling 60 per cent. aleohol, dried, and 0.2 gm. dis 
solved in 4 c.c. pyridin and the solution diluted with 6 c.c. absolute alcohol, The 
solution was then examined polariscopically. Finally, the melting-point of the 
crystals was determined (in one case of chronic myeloid leukemia), according 
to the method of Menge.” 


TABLE 5.—-STARCH 





Case. Method. 








Empyema pus...| 400 c.c. 1 per cent. starch-water + 40 c.c. 33 per cent. leukocyte 
suspension + toluol q. s. Incubator at 37 C. for five days. 
Polariscope 100 mm. tube. 
Filtrate unfermented (0.6==) 1.2 
Filtrate fermented (0.0==) 0.0 
Phenylhydrazin test positive. 0.056 gm. crystals dissolved in 4 
c.c. pyridin + 6 c.c. absolute alcohol (100 mm. tube)==levorota- 
tion 0.3. Calculated for 0.2 gm. crystals=<= —1.07. 


4. Chr. myel. leuk.| 1)400 cc. 1 per cent. starch water + 58 c.c. of 33 per cent. leu- 
rid kocyte suspension + toluol q. s. Incubator at 37 C. two weeks 
2)100 c.c. 1 per cent. starch-water + 10 c.c. boiled suspension + 
toluol. Incubator 2 weeks. (Control.) 
100 mm. tube 
Lugol's Sol. Polariscope. Fehling’s. 
1)No color (0.85=—)1.7....Immediate reduction. 
2)Blue color....(0.3 ==)0.6....No reduction. 
Phenylthydrazin test on filtrate (1) positive. 0.2 gm. crystals 
dissolved in 4 c.c. pyridin + 6 ¢.c. absolute alcohol in 100 mm. 
tube gives levorotation== —1.3. 








The results obtained in testing for amylase require discussion before 
attempting to interpret them. Cases 1 and 2 may be excluded, since, 
owing to an error, the starch solution used was not boiled. The iodin 
reaction for starch proved helpful only when there was complete hydro- 
lysis of the starch, as in Cases 5 and 6, Table 4. The polariscopic 
findings proved even more confusing. In certain cases the controls gave 
the greater dextrorotation (Case 3 and empyema pus). That this was 
not due to a reducing sugar is proved by the negative Fehling’s test. The 
nature of the dextrorotatory body in the controls is unknown. From the 
outcome of the iodin test it is probable that the quantity of leukocytic 
suspension used has been too small or that the incubation was too brief; 
with relatively larger amounts, it is probable that the destruction of 
starch would be complete, making the iodin reaction of greater value. In 
reading the findings in Table 4, we wish to lay special emphasis on the 


28. Menge, G. A.: A Study of Melting-Point Determinations, Bull. No. 70, 
Hyg. Lab., U. S. P. H. and M.-H. S., 1910. 
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outcome of Fehling’s test, since this alone shows consistent results. The 
one exception is Tube 4, Case 3, a control, in which a quick reduction 
occurred. Since the polariscopic reading agrees with those of Tubes 1 
and 3 (active), it is probable that an error occurred in setting up the 
tubes, by which active suspension was substituted for the boiled. 


TABLE 6 MALTOSE (EXPERIMENTS 1 AND 3 ACTIVE, EXPERIMENTS 2 AND 
4 CONTROLS) 
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The findings given in Table 4, we believe, are highly suggestive, 
though perhaps not absolutely conclusive of the presence of an amylase. 
Lack of material prevented further study of the point, except with the 
empyema pus and with Case 4, chronic myeloid leukemia, in which the 
patient’s death eight months after the observations reported in Table 4, 
enabled us to obtain an additional supply of leukocytes. The details of 
these experiments are given in Table 5. In both instances the pheny!l- 
hvdrazin test yielded characteristic yellow needles arranged in sheaves. 
With the leukocytes from pus, the purified crystals dissolved in pyridin 
and alcohol gave a levo-rotation of 1.07, calculated for 0.2 gm. of crystals. 
Since phenylglucosazone crystals should give levo-rotation of 1.3, it is 
reasonably certain that these are the crystals obtained. Phenylmaltosa- 
zone, the only other product which would be probable as a result of starch 
digestion, is dextrorotatory when dissolved in pyridin and alcohol, and is, 
therefore, excluded or present only in minute traces. In the case of the 
myeloid leukemic leukocytes, it is established beyond all doubt that the 
starch has been converted quantitatively into glucose. The crystals 
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obtained by the phenylhydrazin test were again characteristic microscopi- 
cally. After purification and drying, 0.2 gm. of the crystals, dissolved in 
pyridin and alcohol, gave a levo-rotation of 1.3, which proves them to be 
the crystals of glucose. Three determinations of the melting-point” of 
these crystals gave the following results: The compound began to darken 
at 202.3, 203.3 and 203.3 C.; it melted to a dark brown oily smear at 
209.6 to 210.1, 210.1 to 210.6 and 210.1 to 210.6 C. respectively. 
From what is known of amylase, it is probable, of course, that this result, 
i. e., the conversion of the starch to glucose, is the result of the action of 
two enzymes, the one, amylase, changing the starch to the disaccharid, 
maltose, a second ferment, maltase, being responsible for the production 
of the glucose. 

From the above considerations, we can affirm the existence of amylase 
in the neutrophilic cells of pus and of chronic myeloid leukemia and are 
reasonably certain of its presence in the lymphocytes of chronic lymphoid 
leukemia. That the leukocytes are to be reckoned with as at least one of 
the producers of blood amylase seems clear. Moeckel and Rost,*® in a 
recent review on the “origin and significance of the amylolytic ferments 
of the blood,” dismiss the leukocytes with a word and assume that they 
are of no importance. Indeed, there has been no evidence in the liter- 
ature to the contrary, so far as we can learn, excepting the observations 


of Achalme,’*® already noted, and experiments made by Haberlandt,™ 
which seemed to show that the polymorphonuclear leukocytes of the frog 
and the mouse may cause an increase in the quantity of amylase in the 
blood plasma. 


MALTASE 


To determine whether maltose has been converted into glucose, 
advantage was taken of the fact that maltose is the more powerfully 
dextrorotatory of the two sugars. Therefore, conversion of maltose into 
glucose should be indicated by a diminution of the dextrorotation in the 
active tubes as compared with the controls. 


Method.—Ten c.c. of a maltose solution (the concentration varying some- 
what, but being the same in a given series of observations) were treated with 1 
e.c. of a 33 per cent. suspension of leukocytes and 1 c.c. of toluol, corked and 
paraffined, incubated five days at 37 C., and finally, after filtration, examined 
polariscopically. 


29. We desire to express our thanks to Dr. George A. Menge of the U. S. 
Public Health and Marine Hospital Service, Washington, for his kindness in 
determining the melting-points reported here. The readings are corrected for 
emergent stem and calibration. It will be noticed that the “decomposition point” 
coincides approximately with the melting-point usually given for phenylglucosa- 
zone, whereas the true melting-point is higher. For a discussion of this, see 
Menge’s publication (note 28). 

30. Moeckel, K., and Rost, F.: Ueber den Ursprung und die Bedeutung des 
amylolytischen Blutfermentes, Ztschr. f. physiol. Chem., 1910, Ixvii, 433. 

31. Haberlandt, L.: Zur Existenz eines diastatischen Leukocytenfermentes, 
Archiv. f. d. ges. Physiol., 1910, exxxii, 175. 
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In Table 6, the consistent results obtained in all instances indicate 
the presence of maltase in the neutrophilic leukocytes of pus and of acute 
and chronic myeloid leukemia and in the lymphocytes of chronic lymphoid 
leukemia. Additional proof of maltase action is furnished by the con- 
version of starch into glucose through the agency of the leukocytes of 
pus and of chronic myeloid leukemia, as noted above. The phenylglucosa- 
zone crystals which were demonstrated are most probably due to the 
combined action of amylase and of maltase on starch. 

Invertase, lactase, and a glycolytic ferment were totally lacking in all 
the material examined, so far as could be determined. The method used 
to detect them was similar to that described for maltase, except that 
saccharose, lactose and glucose, respectively, were substituted for maltose. 


OXIDASE 

The guaiac test as applied by Meyer™* and, in some cases, the 
phenolphthalin test of Kastle** have been used in testing for an oxidase 
in the leukocytes. 

The results were in line with those obtained by Meyer and others. In 
all instances in which cells with neutrophilic granulations were the pre- 
dominant ones, a positive reaction took place. Thus, in one case of acute 
myeloid leukemia (Case 1), in both cases of chronic myeloid leukemia, 


and with pus cells an oxidase was demonstrable. On the other hand, the 
two cases of chronic lymphoid leukemia gave no indication of oxidizing 
either guaiac or phenolphthalin, and Case 2 of acute myeloid leukemia 
was also negative, owing, no doubt, to the small percentage of granular 


marrow cells present. Similar findings with acute myeloid leukemia have 


been reported by a number of observers. 


SUMMARY OF RESULTS 


The findings recorded above indicate that digestion of protein, starch, 
maltose and ethyl butyrate may be accomplished by enzymes present in 
the leukocytes of pus, chronic and acute myeloid leukemia, and chroni: 
lymphoid leukemia in neutral media. No evidence of cleavage of saccha- 
rose, lactose, or glucose has been found. We wish particularly to empha- 
size that a neutral reaction alone has been employed. One cannot foretell 
what may take place in studying the cells of a lymphoid leukemia in acid 
and alkaline media, and this seems of special importance with reference 
to proteolysis. 

The uniformity of the leukocytic endo-enzymes in acute and chroni: 
myeloid leukemia on the one hand, and in chronic lymphoid leukemia on 
the other, is quite unexpected and is not in harmony with the results in 

32. Kastel, J. H.: Chemical Tests for Blood, Bull. No. 51, Hyg. Lab., U. S 
P. H. and M.-H. S., 1909. 
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literature nor with the teachings of Naegeli** and his followers, who hold 
that the lymphocytes lack the proteolytic ferment found in the cells of the 
myeloid series, an important biological difference. That the lymphocytes 
of chronic lymphoid leukemia contain a proteolytic ferment we have 
shown. But until further studies can be made of this enzyme, it is 
impossible to discuss its identity or non-identity with leukoprotease. So 
far as the present studies go, limited, as they are, to neutral media, it is 
impossible to discover any biological differences between the lymphoid and 
myeloid cells. Oxidase is of no value, since it is not demonstrable in the 
non-granular cells of the bone-marrow, at least with guaiac and phenol- 
phthalin. The facts just elicited might be taken as favoring the view 
that all leukocytes are derived from a single parent cell, but this would be 
premature, owing to the incompleteness, already alluded to, of the study 
of proteolysis by the lymphocytes. Furthermore, many of the tissues of 
the body contain the four enzymes described for the leukocytes. 

The occurrence of protease, amylase, maltase, and lipase in the leuko- 
cytes is not without physiologic interest. Howell** refers to the white 
corpuscles of the blood as “unicellular glands, the products of their 
metabolism serving to maintain the normal composition of the blood- 
plasma.” Since it is well established that the plasma contains the enzymes 


just enumerated, it might be suggested that they possibly constitute a 
part of the secretion of the leukocytes. 


CONCLUSIONS 


In neutral media, the following conclusions as to the endoenzymes of 
the leukocytes seem warranted : 

1. A protease is present in the lymphocytes of chronic lymphoid 
leukemia and in the leukocytes of acute and chronic myeloid leukemia 
and of pus. 

2. Lipase occurs in the white cells in the same conditions. 

3. It is shown that amylase is contained in the granular leukocytes 
of pus and of myeloid leukemia, acute and chronic, and in the lympho- 
eytes of chronic lymphoid leukemia. 

4. Maltase is likewise a product or constituent of these cells. 

5. Digestion of saccharose, lactose and glucose by myeloid or lymphoid 
cells has not been observed in neutral media. 

6. Oxidase is demonstrable in the leukocytes in conditions in which 
the granular cells of the marrow are present in large numbers. 


34. Howell, W. H.: A. Text-Book of Physiology, First Edition, Philadelphia 
and London, 1905, p. 406. 
33. Naegeli, O.: Blutkrankheiten und Blutdiagnostik, Leipzig, 1908, p. 139. 
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7. Biological differences between myeloid cells and the lymphocytes 
of chronic lymphoid leukemia have not been demonstrated in neutral 
media. 


8. It is a legitimate inference that in part, at least, the enzymes of 


the plasma may be derived from the leukocytes. 


In conclusion, we desire to express our thanks to Dr. Warfield T. Longecope 
for his generosity in placing unpublished protocols of experiments at our dis 
posal, and to Dr. L. F. Barker and Dr. W. 8S. Thayer for permission to study 
the material in their wards. 


1806 Locust Street—21 West Chase Street 
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THE COAGULATION-TIME OF THE BLOOD AS AFFECTED 
BY VARIOUS CONDITIONS 


MYER SOLIS COHEN, M.D. 
PHILADELPHIA 


(Concluded from p. 716) 


IV. PATHOLOGICAL CONDITIONS OF THE BODY INFLUENCING THE 
CLOTTING-TIME 


There are a number of abnormal conditions probably affecting the 
coagulability of the blood while it is still in the vessels. I called attention 
to some of these several years ago. 

1. Fever.—The presence of fever apparently exercises no influence on 
the clotting-time. The latter was unaffected by the patient’s temperature 
in my cases, as will be seen from the following tables. In order to permit 
of better comparison, all records made with Wright’s tubes are also given 
in parentheses expressed in terms of my method. 

Hartman states that the clotting-time is normal at collapse tempera- 
ture and in fever, having convinced himself through many dozens of tests 
that temperature changes of 2 to 3 degrees Centigrade do not alter the 
clotting-time, the latter being the same if the tested person has a tempera- 
ture of 36 or 38.5 C. 

Coleman regards the pyrexia that followed the injection of beta- 
naphthylamine in two rabbits as the cause of the lengthening of the coag- 
ulation-time of the blood that accompanied it, because in a third rabbit 
similarly injected there was a slight fall in the temperature and practi- 
cally no alteration in the clotting-time. 

2. Hemorrhage.—The influence of hemorrhage will be studied sepa- 
rately according to whether it is traumatic, spontaneous, or occurring in 
the course of a disease. 

A. Traumatic Hemorrhage: It is generally recognized that a short- 
ened clotting-time follows a hemorrhage. Arthus, Hewson, Terroin, 
Chantemesse, von der Velden, Vierordt and Robertson, Illman and Dun- 
can have definitely shown this to be a fact. 

Chantemesse declares that all states accompanying a profound destruc- 
tion of blood, whether by repeated external hemorrhages or by internal 
hemolysis, create gradually in the organism a state of spontaneous defense 
which brings about an augmented intravenous coagulability of the blood, 
to combat the loss of blood. 
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According to Hartman a suddenly occurring difference in the blood 
content of the body seems to be necessary for this shortening, because 
even in patients with a hemorrhage of high grade, if only the hemorrhage 
were not sudden, but came on gradually, there was not a constant change 
in the clotting-time. Von der Velden also says that the shortening of the 
clotting-time can be shown only slightly, if at all, in small hemorrhages 
or in the long withdrawal of a quantity of blood from the circulation. 

It was the experience of Addis that the removal of a pint of blood 
from a vein for therapeutic purposes was in three cases entirely without 
influence on the coagulation-time. An acceleration of coagulation was 
observed, however, in two cases in which large and dangerous hemorrhages 
occurred. 

A markedly shortened clotting-time (three and a half minutes with 
my method on a dry, clear, moderately warm day, when two normal indi- 
viduals examined at the same time gave clotting-times of ten and one- 
quarter and nine and three-quarter minutes, respectively) was observed 
four days after a tonsillectomy on a healthy man who bled profusely for 
ten minutes at the time of the operation and later had a secondary hemor- 
rhage lasting seven hours. 

Birnbaum and Osten, on the other hand, found considerable retarda- 
tion of coagulation in the blood of non-menstruating women who had 
suffered severe hemorrhage, which they explain by tlie greater water con- 
tent of the blood in a long bleeding. Insomuch as in severe hemorrhage 
both the red and white blood-cell counts are diminished, they supposed 
that likewise with severe blood loss the ferment-making substances are 
also smaller. 

Two of Hartman’s cases, that had a marked lengthening of the clot- 
ting-time, were explained on the theory that if a hemorrhage is too great, 
the blood would not have enough time to replace the lost volume of blood 
by taking water from the intestines or by other provisions for replacing 
water in the blood. Von der Velden also speaks of a secondary thinning 
of the blood, its rapidity and extent depending on the speed and nature 
and also on the amount of the hemorrhage. 

Terroine, who followed his bleedings in the dog by reinjections of 
equal volumes of artificial serum or Locke’s fluid, states that if one 
leaves sufficient space between the bleedings, the blood coagulates spon- 
taneously more and more quickly up to a certain moment, beginning from 
which coagulation diminishes. By prolonging the experiment one can 
finally obtain a blood that no longer coagulates spontaneously. 


The spontaneous shortening of the clotting-time following a hemor- 
rhage makes one examine very critically evidence as to the action uf any 


therapeutic agent employed for checking hemorrhage. 
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B. Menorrhagia: The clotting-time in four cases of menorrhagia, 
taken with my method, averaged eight and one-fifth minutes, a practically 
normal time. Busse, however, believes hemorrhages of the type of menor- 


bile 


rhagia to be symptoms of a general disease, a mild grade of hemophilia 


frequently with lengthening of the clotting-time. 

C, Metrorrhagia: My two cases of metrorrhagia had practically nor- 
mal clotting-times of eight and one-eighth and eight and one- half min- 
utes respectively. Metrorrhagia, according to Busse, is also often only 
a symptom of a general disease, a manifestation of hemophilia associated 


with lengthened coagulation-time. 

D. Hemorrhage from a Uterine Fibroid: A patient with a uterine 
fibroid causing menorrhagia and metrorrhagia had a clotting-time of 
eleven minutes (my method)—decidedly prolonged. 

Chantemesse thinks that the repeated hemorrhages suffered by women 
with fibroids ought to develop in them a mechanism that for the purpose 
of spontaneous defense manufactures a blood more coagulable than 
normal. He found their blood before operation always to coagulate more 
quickly than normal. The sudden death so common after operations for 
fibroid he attributes to the formation of thrombi and emboli due to the 
factor of local stasis, favored by the surgeon’s ligature, in a blood already 
of high coagulability. 

E. Hemorrhage from Uterine Carcinoma: Robertson, Illman, and 
Duncan observed hastened coagulation in hemorrhage from carcinoma of 
the uterus. 

F. Hemoptysis in Pulmonary Tuberculosis: A connection at times 
between hemoptysis and a hemorrhagic tendency is pointed out by Anders, 
who observed several cases of early pulmonary bleedings associated with 
hemorrhage from other mucous outlets, as the stomach and nose. Wright 
says that in many cases of hemoptysis the hemorrhage is inordinate in 
quantity and is associated with serious defect of blood coagulability. My) 
studies in relation to blood-spitting in pulmonary tuberculosis are reported 
below in detail. 

There is apparently no change in the clotting-time at the menstrual 
period in tuberculous women who spit blood at such times. The clotting- 
time is shorter in patients who have never had a pulmonary hemorrhage 
than in those who have had one. The influence of a pulmonary hemor- 
rhage in shortening the clotting-time is apparently seen in three cases 
examined both before and during a hemorrhage which had an average 
clotting-time of seven and a half minutes before the bleeding and four 
minutes while it was in progress. The average coagulation-time taken on 
the third day of a hemorrhage in thirteen cases, moreover. was a little 
over a third of the average clotting-time of six cases, taken on the first 
day, or of two clotting-times taken on the second day. On the other hand, 
hemorrhages that were continuing unabated gave an average time one 
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and a quarter minutes longer than those that were diminishing. Slight 
hemorrhages apparently occur in those whose clotting-time is longer than 
normal, and apparently have no effect in shortening the clotting-time, 
which is lengthened in such cases both during the hemoptysis and after 
it has ceased. Streaks of blood in the sputum apparently occur in persons 
whose clotting-times are only slightly longer than normal, and these 
seem to have practically no effect on the clotting-time over a period of 
five days. Whether severe hemorrhages occur chiefly in those whose 
clotting-times are longer than normal cannot be deduced from my figures 
—which show a norma! clotting-time as the average of six cases within 
two days of a severe hemorrhage, as it is impossible to eliminate the 
hemorrhage itself as a factor in shortening the time. 


TABLE 10.—HEMORRHAGES IN WOMEN IN RELATION TO THE MENSTRUAL PERIOD 


—Number of— —Clotting-Time in Minutes— 
Classification Cases Tests Average Highest Lowest 


Menstruating .. 5 5% 6 4% 
At menstrual period , 2 5% 6% 5% 
Neither of above 16 5% 103% 3% 


TABLE 11—No HeEmoRRHAGE WITHIN Two WEEKS; CASES DIVIDED INTO THOSE 
OF PATIENTS THAT HAVE NEVER HAD AND THOSE THAT HAVE 
Hap HEMORRHAGE 


—Number of— —Clotting-Time in Minutes— 
Classification Cases Tests Average Highest Lowest 


Never had hemorrhage .. 28 39 / 854 23% 
Had hemorrhage 40 /. 10% 3% 


TaBLeE 12.—TuHe CLoTTine-TIME IN PATIENTS wHo Have Sprit Bioop WITHIN 
Two Days; Cases DIvipep ACCORDING TO THE SEVERITY 
OF THE HEMORRHAGE 


—Number of— —Clotting-Time in Minutes— 
Classification Cases Tests Average Longest Shortest 


All hemoptysis ....... ; 34 5*/, 8% 2y% 


Severe hemorrhage ...... 7 5% 7% 2% 
Slight hemorrhage 6%, 8, 2% 
Streaks of blood......... lL 20 53% 7% 356 


TABLE 13.—HEMORRHAGE WITHIN Two Days; CASES DIVIDED ACCORDING TO THE 
Day OF THE HEMORRHAGE ON WHICH THE TEST WAS MADE 


Day of Number of —Clotting-Time in Minutes— 
Classification Hemorrhage Cases Tests Average Longest Shortest 


6 8% 3% 
61% 7% 4% 


° , ° 
2% 2% 2% 


Severe and light... 

Severe and light... 

Severe and light... 

Severe and light... 

Severe and light... 5 and after 
Streaked 

Streaked 

Streaked 

Streaked , 

Streaked ..... . 5and after 


55g 8 3% 
6 7% 3% 
5% 7% 4 
5% 6 51, 
354 356 33% 
7% 4% 


SOK MWaAwk Qwna 
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TABLE 14.—HEMORRHAGES THAT WERE SEVERE OR SLIGHT AT First DIvIpEep 
ACCORDING TO WHETHER THEY WERE THE SAME WHEN THE TEST WAS 
Mave o8 WuHetTuer THEY Hap DIMINISHED TO STREAKS 


Condition at Time Number of —Clotting-Time in Minutes— 
of Test Cases Tests Average Longest Shortest 


8 3% 
- a 


Streaked sputum ..... 6 6 5% 73% 2% 


Severe or slight..... 4 7 6% 


TABLE 15.—RECORDS ON THE SAME PATIENT TAKEN Botu BEFORE AND DURING 
A HEMORRHAGE 


Day before Clotting- Day of Clotting- 
Hemorrhage time Hemorrhage time 
5 hy 5 
38 7¥ 3 
36 fo 
TABLE 16.—HEMORRHAGE WITHIN SEVEN Days or Test But Wuicn Hap CEASED 
Wuen Test Was Mane 


—Number of— Clotting-time in Minutes 
Classification Cases Tests Average Highest Lowest 


All kinds j 61, 1034 354 
Severe vents : 5% 7% 4% 
Slight oni P 7% 10% 5% 


Streaked .. : , 3% 354 3% 


G. Hemorrhage in Typhoid Fever: Wright believes that severe intes- 
tinal hemorrhage and hemorrhage from comparatively small wounds 


supervening in the course of typhoid fever are apparently associated with 


diminished coagulability. Chantemesse found the clotting-power of the 
blood in typhoid fever much lowered on the eve of a hemorrhage. Rob- 
ertson, Illman, and Duncan noted that the coagulation-time was short- 
ened following hemorrhage in typhoid on numerous occasions and length- 
ened just prior to hemorrhage in several cases. In one instance a hemor- 
rhage of 15 ounces caused the coagulation-time to drop from eight min- 
utes to three minutes and ten seconds; in another a decided hemorrhage 
of twenty-one ounces brought the clotting-time down from four minutes 
and a quarter to one minute and forty-five seconds. They observed that 
cases in which the clotting-time did not go above normal escaped such 
iccidents as hemorrhage. 

None of Hinman and Sladen’s cases with hemorrhage had a delayed 
time, although all of them showed a shortened time after the hemorrhage. 

Only one of the twelve typhoid fever patients I examined had a hemor- 
rhage from the bowels, but in this one the clotting-time was the longest 
of all and a third longer than the average of the twelve. The average 
clotting-time of three cases having epistaxis was only a slight fraction 
shorter than the average time of the twelve, thus failing to bear out 


Wright’s assertion that deficient coagulability exists in cases of epistaxis. 
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H. Hematuria: In a case of persistent hematuria due to heart and 
kidney disease the clotting-time estimated with both my method and 
Milian’s was shortened markedly at one time, less later. The clotting- 
time on September 12 was four and three-eighths minutes ; on September 
19, four and three-eighths minutes; on September 23 seven minutes, and 
on September 26, seven minutes. 

Addis also found the coagulation-time shortened in a patient with 
cancer of the bladder, who had had hematuria for three months. 

I. Hemoglobinuria: In a patient with paroxysmal hemoglobinuria, 
examined when there had been no blood in the urine for five days, th 
clotting-time was slightly shortened—seven minutes with my coagulom- 
eter. 

J. Hemorrhagic Diseases of the New-Born: Two cases of hemor- 
rhagic disease of the new-born are reported by Schwarz and Ottenberg. 
The blood of the first was kept for four days and showed no sign of 
coagulation. ‘The coagulation-time of the second also showed very marked 
delay; after five hours a few threads of fibrin had formed. 

3. Hemophilia—Hemophilia is the one disease universally believed 
to be characterized by a deficiency of coagulation. According to Wright 
there is also a notable leukopenia, especially polynuclear, hemophilic 
blood being deficient in the cellular elements which contribute the nucleo- 
albumin element in the formation of fibrin. 

4. “Serous Hemorrhages.”—Wright applies the term “serous hemor- 
rhages” to increased transudation of plasma through the capillary wall, 
as seen in pleural effusion, serous diarrhea, etc., and suggests the exist- 
ence in such cases of a connection with deficient blood-coagulability. 
Other examples are urticaria, chilblains, edema of the feet and hands not 
due to circulatory or kidney lesions, cyclic albuminuria, the lymphatic 
type of headache. 

A. Effusions in Serous Cavities: Six patients with pleural effusion 
that I examined with Wright’s tubes, had a shortened average clotting- 
time of only one and one-half minutes (five and one-fifth minutes in 
terms of my method), while one patient with hydropneumothorax, one 
with empyema, and one with pyopneumothorax, tested with my method, 
gave shortened coagulation-times of four and one-half, three and one- 
half, and three and three-eighths minutes, respectively. On the other 
hand, one case of pleural effusion in a tuberculous patient, investigated 
according to my method, had a lengthened clotting-time of over ten and 
one-eighth minutes, and three patients with ascites gave a normal average 
clotting-time of two and one-half minutes with Wright’s tubes (eight and 
two-thirds minutes in terms of my method), with limits of three and one- 
quarter minutes and one minute (ten and three and one-third minutes in 
terms of my method). It would seem plausible that the reabsorption into 
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the blood of the serum from pleural effusion might sometimes have a 
tendency to shorten the clotting-time. 

B. Serous Hemorrhages into the Intestinal Canal: Wright remarks 
that constipation is rare in hemophilia and that diarrhea is often coin 
cident with a period of diminished coagulability. I found no lengthening 
of the clotting-time in cases of diarrhea. Four patients with diarrhea 
tested with Wright’s coagulometer, had an average clotting-time of two 
and three-quarters minutes (four and one-third minutes in terms of my 
coagulometer), and in eleven cases of diarrhea complicating tuberculosis 
there was an average time of five and one-sixth minutes with my method. 

C. Edema: A case of edema of the feet associated with polyuria had 
a normal clotting-time of eight minutes with my method. Five patients 
with edema that I examined with Wright’s method gave an averags 
normal clotting-time of two and one-half minutes (eight and two-thirds 
minutes in terms of my method), with limits of four minutes and one 
minute (twelve and one-third and three and one-third minutes in terms 
of my method). Addis obtained a normal coagulation-time in two cases 
of anasarca due to heart disease. 

D. Urticaria: Wright thinks it probable that most urticarias are 
due to diminished coagulability, especially the form that supervenes on 
the administration of diphtheria antitoxin and on the consumption of 
acid fruits and vegetables. Hinman and Sladen found the clotting-time 
in urticaria variable, being in some cases lengthened to nine and one- 
half minutes. The time was normal in Addis’ two cases. Of my two 
cases of urticaria one, which followed vaccination, had a slightly length 
ened clotting-time of eight and seven-eighths minutes as tested with my 
coagulometer, while the other had a diminished clotting-time—five and 
a half minutes. 

E. Chilblains: Wright believes chilblains to be associated with a 
condition of defective coagulability. This is not borne out by my case, 
examined with my coagulometer, which had a clotting-time of seven 
minutes. 

F. Lymphatic Headache: The lymphatic type of headache, according 
to Ross, occurs frequently in women and occasionally in men. It is 
present and most severe on waking and tends to lessen in intensity or 
altogether disappear in one to six hours. It usually manifests itself as 


a dull heavy ache or as a frontal or temporal throbbing. Ross and Luff 
both state that lymphatic headache is associated with deficient coagula- 
bility of the blood. 

G. Physiologic Albuminuria: Wright and Ross state that in physio- 
logic albuminuria the renal function is entirely unimpaired. In many of 


their cases they found a condition of diminished blood coagulability. 
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H. Vasomotor Ataxia: I include vasomotor ataxia, described by 
Solomon Solis Cohen, under “serous hemorrhages,” as the two syndromes 
present many features in common—angioneurotic edema, urticaria, head- 
ache, and physiologic albuminuria. I might state parenthetically that I 
regard Striimpell’s “exudative diathesis” as practically identical with 
these syndromes, being distinguished by a tendency to exudative proc- 
esses, as urticaria, intermittent swelling of the joints, angioneurotic 
edema, etc. One of my patients with vasomotor ataxia was subject to 
chilblains. My three subjects of vasomotor ataxia examined with my 
coagulometer had an average clotting-time of seven minutes, a little less 
than normal. 

5. Anemia.—Vierordt, Hassel, Ehrlich and Lazarus, and Bezancon 
and Labbé found the coagulation-time of the blood shortened in anemia, 
but Wunderlich states that there are many exceptions to this rule. 
Wright states that the coagulability is diminished in chlorotic girls. 

Weiss, on the contrary, reports unusually long coagulation-time in 
chlorusis and severe anemia. 

Hinman and Sladen found no markedly delayed time in primary 
anemia or as a rule in secondary anemia, although in two very severe 
cases of the latter there were prolonged coagulation-times. A normal 
coagulation-time was observed by Addis in two cases of chlorosis and one 
case each of pernicious anemia and of secondary anemia. In one case of 


severe chlorosis the time was at first slightly lengthened, becoming normal 
as improvement set in. In a case of pernicious anemia the time was 
persistently short in spite of very great improvement in the blood condi- 
tion. 


In my twenty-three cases of anemia, as well as in the sixteen with a 
hemoglobin between 50 and 75 per cent., the clotting-time was normal, 
two and one-half minutes with Wright’s tubes (eight and two-thirds min- 
utes in terms of my method) ; in five cases with a hemoglobin below 50 
per cent., the time was increased very slightly, being two and five-sevenths 
minutes, as tested with Wright’s tubes (nine and six-fifteenths minutes 
in terms of my method). 

6. Leukocythemia.—According to both Muir and Weiss the blood in 
leukocythemia coagulates less readily than normal blood. Addis’ case 
of myelogenous leukemia had a shortened coagulation-time of five min- 
utes, twenty-five seconds. 

7. Jaundice—An increase in the coagulation-time is generally 
believed to accompany jaundice. Robertson, Illman, and Duncan found 
the clotting-time increased in their cases. Hinman and Sladen, working 
with the Boggs instrument, obtained a normal coagulation-time of from 
five and a half to six minutes in cases of catarrhal jaundice, times ranging 
from five and a half to twelve and a half minutes in jaundice due to 
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cholelithiasis, and an average time of thirteen and a half minutes, with 
limits of nine and twenty and a half minutes, in jaundice due to malig- 
nant disease. In none, however, of Murphy and Gould’s fifteen jaundice 
cases, the lesions of which embraced nearly every known cause of jaun- 
dice, did the coagulation-time vary from the normal. Vierordt, on the 
other hand, obtained a shortened clotting-time in jaundice. 

Addis found normal coagulation-times in two cases of catarrhal jaun- 
dice and one case each of abscess of the liver, carcinoma of the liver, and 
cirrhosis of the liver, a slight prolongation of coagulation in a case of 
hepatic cirrhosis and a shortened time in a case of secondary hepatic 
carcinoma with very profound jaundice and hemorrhages. From a study 
of similar cases, Morawitz and Bierich believe that in many cases of 
jaundice, probably the greater number, the coagulation-time is normal 
and there is no tendency to bleeding. In cases of cholemia, in which an 
hemorrhage tendency exists, coagulation-time, they state, is markedly 
lengthened but not from the direct action of circulating bile salts. In my 
two cases of jaundice the clotting-time was increased, averaging eleven 
and one-eighth minutes, with my method. 

8. Tuberculosis—Anders regards as undoubted the existence of a 
hemorrhagic tendency in a considerable percentage of cases of pulmonary 
tuberculosis and believes that a veritable hemoptysis may be induced in 


such by increased pressure in the pulmonary circuit. Wright also speaks 


of a diminished coagulability in those subjects of phthisis in whom exces- 
sive hemorrhage occurs. In Addis’ twelve cases of tuberculosis infec- 
tions the coagulation-time was normal. Both Vierordt and I found the 
clotting-time shortened in pulmonary tuberculosis. Vierordt, using his 
apparatus, found the clotting-time to be three minutes in phthisis and 
five minutes in phthisis with cavity. About eight years ago, with 
Wright’s tubes, I obtained an average clotting-time of two and one- 
quarter minutes (seven and four-fifths minutes in terms of my method), 
in four cases of pulmonary tuberculosis. More recently I investigated 
100 cases of pulmonary tuberculosis, using my method. The average 
clotting-time was five and one-sixth minutes, the average time for the 


different stages varying very slightly from this. 


TABLE 18.—CLOTTING-TIME IN PULMONARY TUBERCULOSIS 


All First Second Third 
Stages Stage Stage 
Number of cases .. 100 
No. observations 
Aver. clotting-time (minutes) 
Max. clotting-time (minutes) 
Min. clotting-time (minutes) 


The shortened coagulation-time may have been due to some factor 
other than the existence of tuberculosis. The patients were all drinking 
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large quantities of milk which, as will be shown later, is said to hasten 
coagulation through the calcium it contains. As a rule the tests were 
made out of doors or in a well-ventilated ward, exposing the blood to the 
air for the short space it was uncovered. Many of the tests were made 
in the late afternoon. Practically all the tests were made during the hot 
and humid summer months. In addition to the perspiration from this 
cause, some of the patients had the water content of their blood further 
depleted by night-sweats, while others perspired more than usual on 
account of cardiac weakness. 

9. Typhoid Fever.—During the acute stage of typhoid fever a length- 
ened clotting-time has been noted by Wright, Hinman and Sladen, Rob- 
ertson, I1Iman and Duncan, and Wright and Knapp. This agrees with 
my own records. Twelve tests made with Wright’s tubes during the acute 
stage gave a clotting-time of two and seven-eighths minutes (ten minutes 
in terms of my method). In all of Addis’ ten cases, on the other hand, 
the coagulation-time was shorter than normal during the acute stage. 
Vierordt obtained a shortened clotting-time in typhoid fever, but does - 
not say in what stage of the disease. 

The general lengthening of the coagulation-time in the acute stage of 
typhoid fever, Wright and Knapp compare to the lengthening of the 
clotting-time that supervenes on the inoculation of large doses of “anti- 
typhoid vaccine.” This increased coagulation-time, they say, furnishes 
an explanation of the serious hemorrhages which may occur from compar- 
atively small lesions in the typhoid intestines. Chantemesse found the 
coagulation-time of the blood in typhoid fever patients much increased 
on the eve of a hemorrhage. 

In convalescence from typhoid fever Wright and Knapp observed a 
marked shortening of the clotting-time of the blood. In their first eight 
cases the clotting-time was on the average four and a half times shorter 
in the convalescent stages than during the course of the fever (four and 
a half minutes against twenty minutes). The coagulation of the blood 
was abnormally rapid in four cases, in each of which femoral thrombosis 
supervened—the only cases in which thrombosis occurred. These authors 
found the quantity of lime salts in the blood of typhoid convalescents 
greatly in excess of that in normal blood and suggest that the increased 
coagulability during convalescence may be dependent on an excess of lime 
salts. This excess of lime salts, they claim, must be obtained from the 
milk. Chantemesse also finds the coagulation-time becoming shorter in 
the late stage of typhoid fever when the complication of phlebitis tends 
to supervene. A practically normal clotting-time, on the other hand, was 
exhibited during convalescence by Hinman and Sladen’s typhoid fever 


patients this time, which averaged seven minutes, some individual cases 
showing marked shortening. In the cases exhibiting thrombosis the 
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longest time was six and a half minutes, the average being five and a half 
minutes. The majority of their patients were on a milk-albumin diet, 
but the few fed more liberally showed no difference from the general 
group. In all but one of Addis’s cases the coagulation-time, which had 
been shortened during the acute stage, returned to normal as convales- 
cence set in, and there was no thrombosis. In the one case, however, the 
time remained short and thrombosis occurred. 

The clotting-time of the blood of the typhoid patients of Robertson 
and his associates returned to normal during convalescence, but showed 
no decided inclination to become shorter than normal. These observers, 
however, are of the opinion that such inclination exists where phlebitis 
and thrombosis develop. Their patients were allowed a liberal diet, milk 
being given sparingly, in most cases not at all. 

My experience agrees with that of Robertson and his associates. The 
average time of five tests made with Wright’s tubes during convalescence 
was normal, being two and three-tenths minutes (eight minutes in terms 
of my method). 

10. Acute Exanthemata.—Cabot and Ehrlich state that clotting is 
slow or fails to occur in the acute exanthemata. 

11. Pneumonia.—Hayem, Pye-Smith, and Coleman found the clot- 
ting-time prolonged in pneumonia. Addis obtained a normal time in 
three cases of pneumococcal empyema infection, a slightly irregular time 
in one case, a time shorter than normal in another, and a time at first 
longer and afterwards shorter than normal in still another. My six 


pneumonia patients, tested with Wright’s tubes, had a slightly shortened 


average time of two minutes (seven and one-half minutes in terms of my 
method). 

12. Rheumatism.—Slight retardation of the coagulation-time was 
observed by Hayem in rheumatism and by Addis in three cases of severe 
rheumatic fever. The time was normal, however, in the latter’s seven 
ordinary rheumatic cases. My three cases had a slightly shortened time 
of one and five-sixths minutes with Wright’s tubes (six and three-fifths 
in terms of my method). 

13. Appendicitis—Coleman’s observations, as far as they went, 
showed in appendicitis a coagulation-time longer than the normal average. 

14. Carcinoma.—The coagulation-time was normal in Addis’ six 
cases of carcinoma and in Denk and Hellman’s twenty cases of malignant 
neoplasm without cachexia or wasting, but it was shortened in the latter’s 
eases of cachexia from this disease and in Weiss’ cases of cancer. 

15. Chorea.—An unusually long clotting-time was exhibited by 
Weiss’ cases of chorea. 

16. Nephritis——Addis obtained normal coagulation-time in a sub- 
acute case and in a fibroid case of nephritis, an abnormally short time 
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in one acute case and prolonged times in two acute cases and in one case 
of uremia. Weiss found the time prolonged in acute nephritis. 

Three nephritic patients I examined with Wright’s tubes gave a pro- 
longed average clotting-time of three and one-quarter minutes (ten and 
two-thirds minutes in terms of my method), with limits of four and two 
and one-quarter minutes (thirteen and seven and one-half minutes respec- 
tively in terms of my method). On the other hand, three patients exam- 
ined with my method gave a diminished average time of six and one- 
eighth minutes. 

17. Eclampsia.—In eclampsia Weiss observed a prolonged clotting- 
time. 

18. Scorbutus.—Weiss’ cases of scurvy presented an unusually long 
coagulation-time. 

19. Myxedema.—The coagulation-time was normal in Addis’ case 
of myxedema but prolonged in Weiss’ two cases. 

20. Exophthalmic Goiter.—Several goiter patients examined by Weiss 
had an unusually long clotting-time, while Addis’ case had a normal time. 

21. Acromegaly.—Weiss found the time lengthened in three cases of 
acromegaly. 

22. Tetany.—A prolonged time was observed by Weiss in tetany. 

23. Diabetes.—Addis always observed a normal coagulation-time in 
his two cases of diabetes, despite the existence of pronounced lipemia 
and coma in one of them. 

24. Pyogenic Infections.—In twelve patients with severe localized 
septic infection, examined by Addis, the time was normal, whereas coagu- 
lation was delayed in three cases of septicemia. 

25. Skin Disease-—In acne, eczema, and furunculosis Weiss found the 
clotting-time unusually long. 

26. Endocarditis —Four patients with endocarditis that I tested with 
Wright’s tubes had a shortened average clotting-time of one and one- 
quarter minutes (four and one-third minutes in terms of my method). 
In two patients examined with my method the shortening was not so 
marked, the times being five and three-quarters minutes and six minutes 
respectively. 

27. Myocarditis—In three cases of myocarditis I examined, the aver- 
age coagulation-time with Wright’s tubes was two and one-quarter min- 
utes, practically normal (eight minutes in terms of my method). 


28. Aneurysm.—I have measured the clotting-time in two cases af 


aneurysm. One patient, examined with Wright’s tubes, had a markedly 


diminished time of one and one-quarter minutes (four and one-third 
minutes in terms of my method). Another patient, tested with my 
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method on ten different occasions over a period of three months, usually 
had a clotting-time below normal, the last taken before his death being 
the only delayed time. The times were: May 7, seven and one-half min- 
utes; May 11, five and one-half minutes, May 18, seven and three-eighths 
minutes; May 22, six and one-quarter minutes; June 24, six and one- 
quarter minutes; July 8, seven and five-eighths minutes; July 16, eight 
and one-quarter minutes; July 22, six and one-half minutes; August 5, 
eight and one-quarter minutes; and August 19, ten and one-quarter min- 
utes. 

29. Epilepsy—Turner has shown that as compared with that of per- 
sons in good health, the blood of epileptics coagulated in a shorter time, 
and also that this is more marked just before or during fits than when the 
patient is free from them. Speaking generally, he says the greater the 
frequency of fits in a case, the quicker is the average coagulation rate. 
The coagulation rate is quickened during and before attacks of petit mal 
as well as of grand mal. 

From his point of view it is not essential—indeed it is highly improb- 
able—that in every case a specially quick coagulation rate should corre- 
spond to the time of the fit; the reverse is more important—that the fit 
should coincide with a time of rapid coagulation. It does not follow that, 
because the tendency is increased, therefore coagulation must occur. In 
Turner’s opinion it is in this connection that we have the means of har- 
monizing the thrombotic and the toxic theories of epilepsy, by attributing 
this idiosyncrasy of the blood to a toxin which, when it reaches a certain 
intensity, excites local coagulation. 

Besta, on the other hand, out of forty-five epileptics found lengthened 
clotting-time in thirty-seven. A prolonged clotting-time in epilepsy was 
also observed by Weiss. 

Silvestri holds the view that epilepsy is due to a diminished percentage 
of calcium salts in the blood. Coleman reports a case of hystero-epilepsy 
due, he says, to calcium deficiency, in whom the calcium index was 0.68 
to 0.7 before menstruation and 0.1 when the menstrual flow commenced. 


Clinical evidence seems to support both views. Good results are 


reported from the use in epilepsy of calcium salts, thyroid extract, and 


blood-serum, all of which are believed to shorten the clotting-time: while 
benefit in this disease has frequently been obtained from the administra- 
tion of bromids, which are said to lengthen the clotting-time. 

80. Dementia Precor.—According to Perugia the coagulability of the 
blood is normal in maniacal and paranoidal dementia precox but 
increased in the catatonic form. 

31.—Thrombosis.—Wright states that intravascular thrombosis is 
indicative of an unduly high blood-coagulability, to which opinion Denk 


and Hellman apparently subscribe. In addition to this cause Chante- 
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messe adds two others, which he considers play very important réles: a 
general, and especially a local slowing of the circulation, and the presence 
in the walls of the vein of microorganisms provoking the formation of a 
clot. Brooks and Crowell have shown, however, that experimentally none 
of these acts except in the presence of a lesion in the walls of a blood- 
vessel. Bernheim’s work would seem to confirm this view. Addis found 
the coagulation-time normal in six cases of thrombosis. The time in my 
case was shortened, being five and five-eighths minutes. 


V. FACTORS INTRODUCED INTO THE BODY FROM WITHOUT 


The coagulability of the blood while within the vessels is influenced 
by many factors introduced into the body from without. 

1. Calcium Salts.—The internal administration of one of the salts of 
calcium produced shortening of the clotting-time in the hands of Wright, 
Rogers, Luff, Chantemesse, Boggs, Kobert, Ross, Coleman, Carriére, 
Weil, Weiss, Hinman and Sladen, Wright and Paramore, Denk and Hell- 
mann, Brooks and Crowell, and Simpson. That calcium salts have no 
effect on the clotting-time is asserted, on the other hand, by Addis, Labbé, 
Morawitz and Lossen, Dahlgren and Robertson, Il1lman and Duncan. The 
effect of the administration of calcium salts on the coagulation-time of 
healthy people appears, from Rudolf’s experience, to be slight, or absent. 
No shortening of the clotting-time was observed after exhibition of cal- 
cium salts in those few of my patients whose blood was tested in this 
connection. Coe noted sometimes hastened coagulation and sometimes 
no change at all after giving that drug. 

Wright and Paramore state that the full accelerating effect of cal- 
cium chlorid is achieved within the first hour after its administration, 
and of calcium lactate within twenty to forty-five minutes. This is con- 
firmed by Weiss. Coleman believes, however, that calcium chlorid when 
administered by the mouth is absorbed slowly and incompletely. The 
clotting-time of the blood of two rabbits was not appreciably affected four 
hours after 0.5 gm. of calcium chlorid was given by the mouth, whereas 


0.1 gm. given hypodermically shortened the coagulation-time very consid- 


erably within less than an hour from its administration. 

Wright and Paramore believe that there are as between different 
individuals a conspicuous difference in their capacity of responding to 
calcium, which they referred to a constitutional difference in the matter 
of absorption of calcium chlorid. 

The action of calcium salts seems to bear some relation to the dosage. 
Wright and Paramore gave single doses each of 60 grains of calcium 
chlorid or lactate. Wright states that while in small doses, or in large 
doses given for a short time, calcium hastens the clotting-time, the con- 
tinued administration of large (20 to 30 grains) doses results in a second 
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diminution of coagulability to below normal. Bezancgon and Labbé also 
state that if a certain quantity of a calcium salt is added, coagulation is 
accelerated, but if an excess of calcium is present (more than 2 to 100), 
the blood becomes equally incoagulable. Weiss also says the dose must 
not be too large, and recommends 30 to 45 grains a day in an adult for 
five or six days, stating that the action lasts for weeks. Carriére states 
that to maintain the cure in hemophilia calcium must not be discon- 
tinued; if it is suspended, the symptoms soon reappear. Labbé gives 
the caution that, taken in large doses or over a long time, calcium can 
lengthen the clotting-time instead of shortening it. According to Hin- 
man and Sladen, however, when one continues calcium too long, the effect 
wears off and the time returns to about what it had been previously. 
They believe that calcium increases the coagulability, but can maintain 
it only about three to five days. If the dosage is then increased, the time 
is again shortened. 

Bell and Hick think that there is a maximum amount of calcium in 
the blood with a quickest normal clotting-time, which cannot be increased 
by excess of calcium salts either administered orally or injected subcu- 
taneously. They say that the apparently delayed clotting-time from the 
oral administration of an excess of calcium is not due to an excess but to 
a deficiency, it being probable that after excessive dosage the body becomes 
immune or resistant to the absorption of calcium salts, or excessively 
active in their excretion. 

The purity of the preparation is considered by Simpson to be a very 
important factor, his attention having been called to some instances 
where the inferiority of the preparation has minimized the results. 

2. Milk.—Seventeen observations made by Wright and Paramore 
showed that the coagulability of the blood is increased by the ingestion of 
milk, and that this increased coagulability is associated with the presence 
of large quantities of calcium and magnesium salts in the blood. They 
therefore regard milk as more than a foodstuff, as also in an eminent 
degree a medicinal agent. Denk and Hellmann also found a shortened 
clotting-time in nearly all of twenty-three patients on a milk diet. 

Wright and Knapp suggest that the increased coagulability during 
convalescence from typhoid fever may be dependent on an excess of lime 
salts obtained from cow’s milk, which contains 1 part in 600 of calcium 


oxid as compared with 1 part in 800 in lime-water. If the milk dietary 


is the key to the frequency of thrombosis, they regard it as probably the 
key to other problems, in particular the frequently beneficial effect of a 
milk dietary on “serous hemorrhage” from the kidney. They compare 
the rarity of thrombosis after acute fevers where a milk diet is not 
imposed. Robertson, Illman, and Duncan, however, obtained no shorten- 
ing of the clotting-time from the administration of milk in cases showing 
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abnormally long times. Nor did it appear from Coleman’s experiments 
that milk as a diet increased the coagulability of the blood. 

8. Strontium Salts—Nias states that strontium lactate in doses of 
1 to 2 gm. is a serviceable substitute for the salts of calcium when the 
latter are not absorbed from the alimentary canal. He refers to a case 


of hemophilia in which calcium salts were not absorbed when adminis- 
tered by the mouth, but in which soluble salts of strontium when given 
by the mouth were absorbed with facility. He reduced the coagulation- 
time of his own and a patient’s blood with 0.5 gm. to 2 gm. doses of 


strontium lactate. 

4. Magnesium Salts —Wright and Paramore on four occasions by 
the administration of magnesium carbonate caused the clotting-time to be 
accelerated in the ratio of 1 to 1/3 to 1 to 5/8. One patient was unaf- 
fected, the clotting-time remaining thirty-five seconds. In two obser- 
vations the acceleration of the clotting-time was registered in one hour 
from the administration of the drug. There was distinct evidence in four 
cases of absorption of the magnesium salts into the blood. 

Nias found magnesium lactate in 1 to 2 gm. doses a serviceable substi- 
tute for calcium salts when the latter were not absorbed from the ali- 
mentary canal, being able to reduce the clotting-time 30 per cent. in a 
case that was unaffected by calcium lactate. He regards the lactate of 
magnesium more rapid in its effects than the carbonate. 

5. Citric Acid and the Citrates—Wright, Bezancon and Labbé, Rob- 
ertson, Illman and Duncan, Chantemesse, Hinman and Sladen, Coleman, 
Weiss, Rudolf, and Denk and Hellmann have found that the administra- 
tion by mouth of citric acid and the citrates lengthens the clotting-time. 
It seems to Hinman and Sladen, however, that the effect wears off after 
from three to five days, necessitating an increase in the dosage if the 
lengthened time is to be maintained. According to Chantemesse, when 
totally obliterating phlebitis with great edema occurs in typhoid fever, 
the taking of a small dose of citric acid can prevent the phlebitis extend- 
ing and the clot prolonging. But if the dose be a little too strong or 
prolonged, the clot dissolves too rapidly; it crumbles, and its particles, 
thrown into the general circulation, cause an intermittent febrile dis- 
turbance. 

No lengthening at all of the clotting-time after the administration of 
citric acid was observed by Addis or Turner, a shortening being noted in 
two of the latter’s three cases, who were having fits at the time. Rogers 
found that citrie acid caused both lengthening and shortening of his own 
clotting-time. 

6. Sodium Chlorid.—Bliimel considers sodium chlorid the most reli- 
able means at our command for controlling hemoptysis. Ten minutes 
after the ingestion of 10 gm. sodium chlorid by mouth the coagulation- 
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time was reduced from three and three-quarters to one and one-half min- 
utes, and after another ten minutes to one minute. He gives it in dram 
doses in half a glass of water, repeating it if required at intervals of one 
and a half or three hours. Saline infusion, however, Bliimel regards as 
corntra-indicated. 

Coleman has shown that solutions of normal saline injected subcu- 
taneously have a pronounced effect in lengthening the coagulation-time 
of the blood. 

7. Blood-Serum.—The injection of blood-serum subcutaneously in 
conditions in which there is a tendency to hemorrhage, with an increased 
coagulation-time, has been followed by shortening of the clotting-time 
according to Weil, Labbé, Schiffers, Busse, Carriére, Denk and Hellmann, 
and Beach. 

Weil finds the serum of man, rabbits, horses and cattle equally effica- 
cious, although in vitro the action of human serum is more evident. Both 
he and Leary state that beef serum is often toxic. The latter says that 
human serum is occasionally so. Wirth prefers horse’s serum. Many 
employ diphtheria antitoxin. As a rule, fresh serum is employed. Weil 
and Labbé say it should not be more than two weeks old. 

The dose is usually 15 c.c. when injected into a vein, or 30 ¢.c. when 
given subcutaneously. 

The effect of the serum manifests itself at the end of forty-eight hours 
and lasts at least twenty-five days, being gone at the end of five weeks. 

Serum has also a local hemostatic action, according to Weil, Labbé, 
Wirth, and Trembur. 

It is a question in my mind whether the good effects reported by Crile 
and others from direct transfusion of blood may not in some cases have 
been due to this action of blood-serum in shortening the clotting-time, 
and whether the same results might not have been attained in some of 
those cases by the subcutaneous injec tion of blood-serum. 

On the other hand, Bezancon and Labbé make the statement that the 
intravenous injection of blood or serum from a foreign species of animal 
retards coagulation. The injection of serum had no effect on the coagula- 
tion-time of the hemorrhages in Schwarz and Ottenberg’s case of hemor- 
rhagic disease of the new-born. Boggs noted lengthening of the clotting- 
time in rabbits following injection of dog’s serum and of rabbit serum. 
Weil states that in excessive doses serum, instead of favoring coagulation, 
retards it. 

Interesting in this connection is the action of blood-serum, usually 
in the form of diphtheria antitoxin, in causing profuse clotted menstrual 


flow, as reported by Collier, and in producing the so-called serum disease, 


accompanied by urticaria. Wright has shown that as the symptoms of 


serum disease develop there occurs a diminution in the coagulability of 
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the blood and both he and Netter treat and prevent serum disease by the 
internal administration of calcium salts which are believed to hasten 
coagulation. 

Two years ago at a meeting of the Pennsylvania State Medical Society 
I suggested a possible existence in anaphylaxis of a condition similar to 
serum disease, with lengthening of the coagulation-time of the blood, on 
account of the prominence of urticaria as a symptom in many of the cases 
of sudden collapse following the injection of diphtheria antitoxin. Since 
then, Biedl and Kraus have found in dogs that a greatly decreased coagu- 
lability of the blood occurs in the anaphylactic state. Richet’s experience, 
however, indicates that incoagulability of the blood is not at all constant 
in anaphylaxis. The peculiar susceptibility to this accident of persons 
subject to asthma, and the occurrence in anaphylaxis of angioneurotic 
edema, asthma, urticaria, profound peripheral vasodilatation, and a 
lengthened clotting-time, make me think there may be some association 
between this tendency to anaphylaxis and vasomotor ataxia and serous 
hemorrhage, which present at one time or another all of the above 
features. 

Another interesting and apparently contradictory fact in this connec- 
tion is the benefit in some cases of bronchial asthma reported from the 
therapeutic use of diphtheria antitoxin. 

8. Transfusion.—In a case of hemorrhagic disease of the new-born, 
reported by Schwarz and Ottenberg, blood which failed to clot at all just 
before transfusion clotted in three and one-half minutes at the end of the 
transfusion. As a previous injection of horse-serum had no effect, there 
can be no doubt that in some cases direct infusion of blood has advantages 
not possessed by fresh serum. 

Duke reports two cases in which transfusion stopped spontancous 
hemorrhages and one that was unaffected by it. The bleeding-time was 
markedly shortened in all, but the coagulation-time was practically the 
same before and after transfusion. Other cases of this same disease have 


been reported, in which the bleeding was instantly checked by trans- 


fusion, but in which the clotting-time has not been taken. 

Coleman has shown that solutions of normal saline injected subcuta- 
neously have a pronounced effect in lengthening the coagulation-time of 
the blood owing, he thinks, to its rapid absorption. 

9. Extracts of Organs.—Bezancon and Labbé state that acceleration 
of coagulation is produced by the intravascular injection of nucleoproteids 
and organic extracts containing nucleo-albumins. As a local application 
to bleeding surfaces in cases of hemophilia, Wright employs a solution of 
nucleo-albumins, in the form of glandular extracts. He regards hemo- 
philic blood as deficient in the cellular elements which contribute the 
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nucleo-albumin element to the formation of fibrin, and believes that the 
addition of nucleo-albumin is essential to the formation of a sound clot. 


Following the works of Sahli, and Weil, Nolf, working with extract 
of spleen, and Morawitz and Lossen, employing kidney extract, conclude 


that extracts of organs correct a blood vice in hemophilia. The former, 
moreover, attributes the incoagulability of hemophilic bleod to want of 
thrombokinase, the latter to a lack of balance among the normal colloids 
in the blood. Weil and Boyé, who recently took up this study anew, using 
the extracts of many organs on nine cases of hemophilia, concluded from 
their combined experiments that the extracts of organs do not each act 
in the same manner on the blood of hemophilics, some causing a constant 
retardation of coagulation, others acting in the opposite manner. The 
doses of extract and the animals from which they were produced seemed 
to be of little import. It seems more than probable to Bell and Hick that 
the ductless glands preserve a balance in the calcium metabolism—as thev 
do in many other metabolic processes—one acting anabolically, another 
catabolically. Marchadier is of the opinion, however, that the action of 
organic extracts in hindering coagulation may be due to the alcohol they 
contain. 

Owing to the difference, just noted, in the effect of extracts of dif- 
ferent organs, these will be considered separately. 

A. Thyroid Extract: Taylor states that normal blood, having the 
proper amount of coagulant element, is not affected by thyroid extract, 
even when the latter is continued for a long time and when it has to be 
discontinued on account of its pronounced constitutional effects. Thyroid 
extract seems to him to act only on blood lacking fibrin ferment. When 
the latter is markedly diminished, thyroid extract supplies it, according 
to Taylor, either by a direct action on the blood or, as Sajous thinks, by 
stimulating the anterior pituitary body, which excites the adrenals to 
greater activity, and thus increases the proportion of fibrin ferment in 
the blood. Taylor reports cases in which thyroid extract, given in 3-grain 
doses thrice daily, shortened the coagulation-time from eleven and one- 
half minutes to three minutes, four seconds, and from twelve and one 
half minutes to six and one-half minutes, and mentions the cases of 
marked clinical improvement. Carriére, on the other hand, states that 
thyroid extract scarcely modifies the coagulability of the blood, while 
Weil and Boyé include thyroid extract with those extracts of organs that 
cause a constant retardation of coagulation. 

B. Thymus Gland: Thymus gland in Wright’s hands caused a short- 
ering of the clotting-time and is used in his solution of cell nucleo-albu- 
mins. According to Carriére and Weil and Boyé, however, thymus gland 


extract almost always causes a slowing of coagulation. Boggs’ results 
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with its use are at variance. It shortened the clotting-time in one rabbit 
and in others lengthened the time and made the blood incoagulable. 

C. Pituitary Gland: According to Weil and Boyé the anterior and 
posterior lobes of the hypophysis have different and antagonistic actions 
on the clotting-time of the blood. Extracts of the former retard slightly, 
if at all, the coagulation of the blood in normal rabbits but retard coagu- 
lation in normal man in a constant and marked manner, acting similarly 
but less constantly toward the blood of hemophilics, which they render 
more incoagulable. Extracts of the posterior lobe invariably accelerate 
the coagulation of the blood in normal rabbits, and nearly always 
accelerate the coagulation of the blood in a normal man, also correcting 
in a nearly perfect manner incoagulable hemophilic blood. 

D. Liver: Doyon and his associates have made careful studies of the 
relation the liver and bile bear to the coagulation-time. They believe that 
fibrinogen has its origin in the liver, the albumin of which they regard as 
the mother substance of fibrinogen. This, they think, explains the 
diminution of the coagulability of the blood that occurs in affections of 
the liver. Obliterating the arteries of the liver with paraffin usually 
brought about incoagulability of the blood. Total extirpation of the liver 
in the frog prevents coagulation of the blood. These authors have also 
shown that bile causes incoagulability of the blood through the inter- 
mediary of the liver. An injection of bile prevents clotting of the circu- 
lating blood in both rabbits and dogs, being more effective if made into 
the mesenteric veins. The incoagulability manifests itself the first min- 
ute following the injection and lasts from a very short time to several 
hours. These observations are confirmed by Kauders. Delezenne demon- 
strated that by causing peptone, eel-serum, or extract of crayfish muscle 
to circulate through the liver of a dog, a liquid is obtained capable of 
preventing the coagulation of the blood in vitro and of rendering the 
blood of a rabbit incoagulable. 

Weil and Boyé found that liver extract caused constant retardation of 
coagulation. In both Carriére’s and Labbé’s hands, however, liver extract 
hastened the coagulation in some cases of hemophilia. In Boggs’ different 
tests liver extract lengthened or shortened the clotting-time in dogs or 
rendered the blood incoagulable. 

E. Gastro-Intestinal Extract: A piece of the gastric mucous mem- 
brane formed part of Wright’s solution of nucleo-albumins. 

Czubalski regards intestinal extract as identical with Witte’s peptone 
in its quantitative relations. 

Extracts of stomach and duodenum caused constant retardation of 
coagulation in Weil and Boyé’s cases. 


F. Kidney Extract: Kidney extract shortens the clotting-time, 


according to Morawitz and Lossen and Weil and Boyé. 
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G. Ovarian Extract: Weil and Boyé found that ovarian extract 
shortens the clotting-time. Grant reports a case of severe and grave 
traumatic hemorrhage cured by its use. 

H. Testicular Extract: Extract of testicle is said by Weil and Boyé 
to shorten the clotting-time. In addition to the glands mentioned, testic- 
ular extract forms part of Wright’s solution of nucleo-albumin. 

I. Extracts of Spleen, Pancreas and Suprarenals: Weil and Boyé 
found that extracts of the spleen, pancreas and suprarenals caused coagu- 
lation to be constantly retarded. 

10. Alcohol——Alcohol lengthens the clotting-time of the blood, 
according to Vierordt, Wright, Rogers, Bezancon and Labbé, and 
Marchadier. In my cases, however, it did not seem to have any effect at 
all on the clotting-time. Of twenty-three observations made with 
Wright’s tubes on twelve patients who were taking whisky, the average 
clotting-time was two and one-half minutes (eight and two-thirds 
minutes in terms of my method), the maximum being five and three- 
quarters minutes (nine and one-quarter minutes in terms of my 
method), and the minimum one and one-quarter minutes (four and one- 
third minutes in terms of my method). 

11. Carbon Dioxid.—According to Wright, inhalations of carbon 
dioxid in the presence of sufficient oxygen shortens the clotting-time of 
the blood. Its local effect will stay epistaxis. Wright usua!ly administers 
the gas through a tube, but he states that rapid respiratory movements 
will increase the carbon dioxid in the blood and hasten coagulation. He 
remarks, however, that asphyxia is not only unnecessary, but harmful. 

Bezancon and Labbé state that saturation of the blood with carbon 
dioxid, as in asphyxia, renders it incoagulable. 

12. Narcotics.—Doyon states that chloroform in certain doses causes 
incoagulability of the blood and coincidently produces grave hepatic 
lesions. It acts not directly on the blood, but by altering the liver, which 
Doyon believes to be the organ that secretes fibrinogen. 

Hartman found that neither injections of morphin and scopolamin 
nor injections of lumbar anesthetics, such as novocain, had any effect at 
all on the clotting-time. 

13. Leech Extract.—Injection of extract of the heads of leeches into 
the veins is well known to hinder coagulation. 

14. Witte’s Peptone.—It is also a matter of general knowledge that 
the intravenous injection of Witte’s peptone renders the blood incoagu- 
lable. 

15. Gelatin —Carriére, Dastre and Floresco, and Kaposi state that 
gelatin has an accelerating action on the clotting-time of the blood, the 
results, according to Carriére, being less constant than with calcium. 


Bezancon and Labbé, however, say that this action remains to be proved, 
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while Labbé and Frain, Labbé, Brat and Landman say that gelatin does 
not shorten the clotting-time, Brat asserting that it even lengthens it. 
Gley and Richard say that decalcified or neutralized gelatin does not 
possess the property of hastening the coagulation of the blood, but in some 
cases has even the opposite effect. The coagulating action of gelatin, they 
say, is not a property of that substance but is derived from its acid func- 


tion and from the calcium it contains. Kobert also questions whether the 
action of gelatin is not due in large measure to the calcium it contains. 

16. Colchicin—Coleman obtained a very considerable lengthening of 
the coagulation-time following the hypodermic injection of colchicin into 
rabbits. 

17. Nuclein.—Nuclein caused lengthening of the clotting-time in 
Coleman’s rabbits. 

18. Beta-naphthylamin.—Beta-naphthylamin caused lengthening of 
the coagulation-time in two of the three rabbits Coleman injected. 

19. Zymoplasma.—Von Manteuffel and others have seen the clotting- 
time reduced by Schmidt’s zymoplasma. 

20. Persalts of Iron.—Rogers found the clotting-time of his blood 
markedly shortened after taking the persalts of iron. 

21. Hydragoques.—Wright states that the administration of hydra- 
gogues shortens the clotting-time. 

22. Atropin.—Gley found that atropin, as a rule, caused complete 
incoagulability of the blood, though in some animals the coagulation was 
merely retarded. Doyon and his associates have studied the effects of 
atropin on the clotting-time, finding that it regularly produces incoagu- 
lability of the blood which, however, does not result in a modification in 
the blood’s content of fibrinogen. 

23. Bromids.—Turner has noticed a retarding effect on the coagula- 
tion of the blood from the administration of potassium bromid. 

24. Phosphorus.—Doyon, Morel and Kareff have shown that incoagu- 
lability of the blood follows subacute poisoning by phosphorus, and is 
produced by the accompanying hepatic lesion. 

25. Diphtheria Toxin.—<According to Coleman, diphtheria toxin 
increases the coagulation-time of the blood. 

26. Curare-—Doyon states that in certain conditions curare causes 
incoagulability of the circulating blood, which may last several hours. 
He suggests as a possible explanation the presence of poisons in the com- 
plex mixture sold under the name of curare. 

CONCLUSIONS 

1. The coagulation-time of the blood is affected by extrinsic factors 

acting on shed blood and by intrinsic factors acting on the blood while 


it is still in the vessels. 
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2. The coagulation-time of the blood is shortened by contact with a 
foreign body and with dirt, by the withdrawal of a large quantity of 
blood, by mechanical disturbance of the drop, by evaporation, by heat, 
and when the drop is shallow. It is lengthened by cold. The clotting- 
time ordinarily is not affected by the size of the drop, but is apparently 
influenced by the end-point adopted, the personal equation, and by unrec- 
ognized sources of error. 

3. Methods for measuring the coagulation-time vary in the sources of 
error they avoid or introduce. The most accurate method is Addis’ 
modification of Brodie and Russell’s method, which, however, is too intri- 
cate and cumbersome for general use. Milian’s is the simplest method. 
My modification of Milian’s method combines simplicity with accuracy 
and, in my opinion, is the best available method. It presents a contact 
surface limited in extent, clean, and uniform in character, maintains a 


fairly definite and constant temperature, prevents evaporation, provides 


for drops of uniform size, largely eliminates the personal equation, and 
presents fairly constant results. 

4. The coagulation-time of the blood is shortened by contact with the 
tissues, with the wound, blood, lymph, and skin, and by continuation of 
the bleeding. It is unaffected by the part punctured, the depth and char- 
acter of the wound, or by the character of the blood flow. 

5. The coagulation-time of the blood in the vessels is unaffected by 
the outside temperature, the amount of sunshine, by blood-pressure, the 
amount of hemoglobin, the number of leukocytes, or the bleeding-time, 
by age, sex, time of day, menstruation, pregnancy, or the puerperium; 
it seems to be shortened by low barometric pressure, by restriction of 
fluids, and by exercise; it is apparently lengthened by increased viscosity, 
and by the taking of food. 

6. The coagulation-time of the blood in the vessels is unchanged in 
the presence of fever, menorrhagia, metrorrhagia, slight hemoptysis, diar- 
rhea, edema, vasomotor ataxia, moderate anemia, carcinoma, diabetes, 
localized pyogenic infections, myocarditis, and maniacal and paranoidal 
dementia precox; it is shortened in the presence of traumatic hem 
orrhage, hemorrhage from a uterine carcinoma, severe pulmonary hemor- 
rhage, hematuria, hemoglobinuria, endocarditis, dementia praecox, aneu- 
rysm and thrombosis; it is lengthened in hemorrhage from a uterine 
fibroid, in the acute stage of typhoid fever, in hemorrhagic disease of the 
new-born, hemophilia, lymphatic headache, physiologic albuminuria, the 
acute exanthemata, and possibly in chorea, eclampsia, scorbutus, acro- 
megaly, tetany, acne, eczema, and furunculosis; it is apparently variable 
in effusions in serous cavities, urticaria, chilblains, severe anemia, leuko- 
cythemia, jaundice, tuberculosis, convalescence from typhoid fever, pneu- 
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monia, rheumatism, nephritis, myxedema, exophthalmic goiter, and epi- 


lepsy. 
7. The coagulation-time of the blood within the vessels is shortened 
by strontium lactate, magnesium carbonate, blood transfusion, extract of 


the posterior lobe of the pituitary gland, kidney extract, ovarian extract, 
testicular extract, zymoplasma, and possibly by persalts of iron and hydra- 
gogues; it is lengthened by citric acid and the citrates, extract of the 
anterior lobe of the pituitary gland, liver extract, gastro-intestinal extract, 
extract of spleen, extract of pancreas, extract of suprarenals, chloroform 
in certain doses, leech extract, Witte’s peptone, and possibly colchicin, 
nuclein, beta-naphthylamin, atropin, bromids, phosphorus and curare. 
No constant effect on the coagulation-time of the blood has followed the 
introduction into the body of calcium salts, milk, sodium chlorid, blood- 
serum, thyroid extract, extract of thymus gland, alcohol, carbon dioxid, 
and gelatin. 

The absence of uniformity in the results obtained with several of the 
last group of substances may be in part due to the fact that thev have 
been investigated by a large number of observers, which increases the 
opportunities for error. 


4102 Girard Avenue. 
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TUMORS OF THE PINEAL BODY 


WITH AN ACCOUNT OF THE PINEAL SYNDROME, THE REPORT OF A 
CASE OF TERATOMA OF THE PINEAL AND ABSTRACTS OF ALL 
PREVIOUSLY RECORDED CASES OF PINEAL TUMORS 


PEARCE BAILEY, M.D., anp SMITH ELY JELLIFFE, M.D. 


NEW YORK 


Tumors of the pineal body are rare, and their symptoms often vague. 
Like hypophyseal tumors, pineal (or epiphyseal) tumors, may give the 
general symptoms of brain tumor, with certain focal signs, and in addi- 
tion, by interfering with physiological function, may bring about distinct 
and characteristic disturbances in nutrition. When these two separate and 
distinct classes of symptoms, namely, the neurological and metabolic, are 


present, the diagnosis becomes reasonably certain and operative removal 


becomes a possibility. 

The pineal body arises from a diverticulum of the roof of the third 
ventricle. As seen in the 3 to 4 months’ embryo, it is a pear-shaped body, 
which in section shows a number of radiating compartments (lobuli), 
containing the parenchyma of the gland, irregularly separated by con- 
nective-tissue and vessels, which sink in from a connective-tissue capsule. 

Its connections with the rest of the mid-brain are extremely difficult 
to trace out, especially the rudimentary prolongation of the tenia thalami, 
which possibly has to do with an early optic relationship. 

Its embryonal character accounts for its being the site of teratomata 

The interior of the gland contains neuroglia cells, round or oval gan 
glion cells, and parenchyma. Marburg has found a structure which he 
considers to be a vestige of the parietal nerve represented in saurians. 
Cajal has described nerve fibers similar to sympathetic fibers. Ependyma 
cells are numerous in the gland. In the interior of the gland they are 
cubical, but gradually change as one proceeds toward the habenula, or the 
“Schaltstiick,” to the posterior commissure. Here cylindrical or goblet 
cells are found. In the interior of the compartments there are few glia 
nuclei. The majority of the cells are small and polygonal, and the plasma 
stains very slightly. The nuclei vary from light to dark, and contain 
small and large granules. Cyst formations are found frequently at the 
base where the glia is thickest. 

After the seventh vear the normal pineal undergoes a process of invo 
lution. The tenia habenule consist almost entirely of sand. The con- 
nective tissue cells lose their form and nuclei and undergo hvaline degen 
eration. The ganglion cells disappear, the glia cells persist, and th 
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f the physiology of the pineal body in man. Phylo 

considered, it seems to be in part a rudiment of a third 

|) eye, which is found at the present time practically only in on 
\ustralian lizard (//atteria punctata). Its anatomical connections wit 
the optic paths argues for its having been at one time a light-perceivin 


Cajal doubts this, however, and asserts that this body is one of 


blood glands of the body. 
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ctions of the gland substance by von Cyon brought about irreg 


s in the force and frequency of the heart-beat, chiefly slowing 


n also fon hat injections of salts, similar to the pineal sa 


lts, produced analogous results. This investigator has drawn the con 


usion that certain substances in the pineal serve as fixatives for certain 
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ch have some relationship to the activities of t 


wing these salts to be utilized by other structures, or 
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» laid down as concretions, pineal sand, etc. 


Further, electrical stimulation of the pineal, in herbivorous anima! 


a contraction of the sac-like body with movement in the cerebro 


fluid of the third ventricle. It thus may be regarded as regulating 
ne measure the pressure of fluid in the third ventricle. 

d question, however, whether the pineal body in man pn 
ns anv muscular fibers, its influence on the fluid in the 
le is entirely speculativ: 


nally, the glandular tissue in the pineal undoubtedly exercises som 


ence on nutrition. The histological evidence points to the facts that 


this structure contains elements which ally it to the blood-glands the 
thy 


i1romaffin system —and that like other members of this series, 
hvpophysis, thymus, thyroid, adrenals, etc., it plays a part in trophism 
It forms one of the links in the interacting chain of this system, and a 


disturbance in its functions throws the combination equilibrium somewhat 


out of balance. 
We have seen. however, that a marked involution of the gland takes 
time of puberty, and hence if trophic disturbances are to 
be referred to this structure they probably are confined to childhood 


We shal] return to the interdependent relations of the pineal and others o 
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the series, especially of the hvpophvsis, in that portion of 


dealing with the interpretation of the trophic svmptoms found in 


imors. 
The accompanving section (Fig. 1) may serve to reeall that the pineal 
u and lies just beneath the splenium of the corpus callosum, being s¢ par 


; | 


rated from it by the velum Interpositun It es on the anterior corpora 
quadrigemina, from which it is also separated by a laver of 


usually derived from the velum interpositum 


Fig. | Section of brain showing situation of pineal body, especially in rela 


tion to the aqueduct and corpora quadrigemina 


than one-third to one-half an inch in length, and is attached to the mid 
brain on either side. It forms, in part, a roof to the third vent 

posteriorly. The free edge of the tentorium of the cerebellum lies below 
and behind. The deep cerebral veins run in the velum interpositum, and, 


just about the tip of the gland, unite to form the large cerebral vein of 


Galen, which passes out of the brain at the great transverse fissure, below 


the posterior extremity of the corpus callosum and the corpora quadt 
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gemina, to enter the straight sinus. The position of the aqueduct of 
Svlvius is especially to be noted in relation to hydrocephalus. Laterally, 
it the base, the optic thalami are in close proximity. 

It thus lies clese to the communications between the third and fourth 
ventricles, to the cerebellar and pontine spaces, and is in direct contact 
with the large venous channels that drain the central region of the brain 

Hence, in enlargements of the pineal, circulatory disturbances will 
develop first. with the formation of varying degrees of hydrocephalus 
Often the hydrops develops with great rapidity, though it may do so very 
slowly, and is undoubtedly conditioned by at least two independent factors, 
namely, pressure on the veins of Galen, and obstruction to the aqueduct 


Svivius. Then again, there are reasons for believing that growths in 
is region further stimulate the production of cerebrospinal fluid, in 

case an additional factor for hydrocephalus development comes into 
nsideration. 


SYWUPTOMS OF PINEAL TUMOR 
I. NEUROLOGICAT SYMPTOMS 


Symptoms of increased intracranial pressure, due to the hydrocephalus, 
always present, and are among the first noted. The majority of the 
ases show what seems to be a fairly rapid development in svmptoma 


ogy, although this particular brain area will tolerate growths up to a 


certain size without many signs. As secon as the growth gets bevond this 


usually deseribed as walnut siz the symptoms augment, and bi 
wut death rapidly. 

Headache is usually the first svmptom, sometimes preceding the othe 
six months or a vear, at other times appearing only a month or so 


vfore the fatal termination, ‘The headaches vary, being mostly occipital, 


aithough thev have been referred to a number of positions Thev usually 


vecome diffused finally Thev have the general characteristics of brain 
tumor headaches, and, like them, show variations in intensitv. Neura'gic, 
shooting pains also occur. Severe exacerbations ¢ accompanied by 
attacks of vomiting and giddiness. Sometimes if the head be held in a 
definite position relief can be obtained. This is to be correlated wit! 
Weisenburg’s remarkable case of movable tumor of the third ventricle.’ 


Papillary edema soon develops, and some of the patients have applied 


relief on account of failing evesight. The grade of the papillitis has 
aried vreatly, but half of the patients have become blind, 

\bnormal drowsiness or sleepiness has been characteristic in many, 
even in the early stages. It is probably a symptom of increased intra 
cranial pressure, and furnishes, we believe, another proof that local pres- 
sure in the third ventricle, acting on the thalami, may be a cause of 
drowsiness, as well as increased pressure in the lateral ventricles acting 


on the cortex. 


1. Weisenburg. T. H Brain, 1910. xxxiti, 236 
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Giddiness and dizziness have been constant, sometimes appearing very 
y. Staggering gait has been an early sign in nearly one-half of the 


tients; this has been the typical cerebellar gait, with marked pulsions 


netimes lateropulsion or retropulsion tendencies have preceded the 


lopment of the characteristic gait. Barany tests in one case (Batley 


Jelliffe) have shown implication of the vestibular paths, presumably 
ir mid-brain course. 
Cerebellar asvnergia and adiadokochinesis ar 


| 


. comparative ly recent 


} 


signs, and have been noted in the more recently 


e. Bailey and Jelliffe) 


reported cases 


unilateral or bilateral in th extremities, but more partic 


upper, is present in many cases. Occasionally only a tremor 


Less constantly the svmptoms of excessive tl ist, polvdipsia. 
proba ty are svv ptoms due tT? 


heen recorded, T 


yrressure on thy urth ventricle. and properly should 


oreground of the picture 


has been noted in a number 


VMETABOLIK SYMPTOMS 


Mar ure, 1 it | | vying into 


\ 
metaboll . hnoticeal | . Asso ated 
Inties In a thoroug! | uUssIOnN of thy Su 
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surg was the first to show that injury to the pinea 


= i t vet been definitely established. I 


certain growths. particularly teratomata, that Mayr 


correct 
evmptoms which may come from pineal inju 


sexual maturity, and (c) cachexia. 


ADTPOSIS 


as been recorded in a number of cases of pineal tumor. The 


nerease in fatty tissue is apparently independent of the nature of thi 
tumor, as it has not been confined to teratomata as Marburg originally 


thought. and as has been unduly emphasized by Frankl-Hochwart. It 


was present in our case to a definite degree. Sechmidt’s case of tumor 


(1837). not mentioned by Marburg, is recorded as “in exceedingly goo 


ate of nourishment”— iippig. Other cases are those of Nothnagel, 
Miiller. Daly. Knv. Marburg. Frank!l-Hochwart, and, less certain those 
of Kénig, Falkson, Coats, Oestreich and Schlawky, Hempel, and 
Joukovskv 
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we seen In Knoblauch’s case of glioma of the third ventricl Phe 
swollen intundibulum can be seen also in our case. Such a hydrocephalus 
can unquestionably lead to adiposis. Nothnagel’s early quadrigeminal 
case is to be thus interpreted. Miiller’s, Knoblauch’s and Fischer's cases 


f 


of dystrophia adiposogenitalis were due apparently sol 


elv to infundibulat 
swelling with pressure on the hypophysis, although in these cases the 


} 


ypophysis has not always been normal, as was that of Marburg. Fischer" 
calls attention to the fact that whereas in Marburg’s case the hypophysis 
was reported as normal, vet there was “infundibular hvdrocephalus.” 

The whole situation is in need of more extended study to determine 
whether pineal tumors alone can produce adiposis, apart from third ven 
tricle hydrocephalus, 

The anatomical situation of the hypophysis and its complicated his 
tology render it difficult to correlate the mechanical and the histologica 
features. Whether small or large amounts of pressure on the infundib- 

or the pars intermedia, or the posterior lobe, or on the peduncles, 
\ cause hyperactivity or hypo-activity cannot as vet be determined. 
nor can it vet be said what the actual state of functioning of the pars 
nervosa may be under varving conditions of pressure of hydrocephalus of 


the third ventricle. 


The situation at present seems to be that adiposis is a frequent sign 


ypopituitarism, and has been found as a result of a number of dis 
vances due to tumors of the pars nervosa of the pituitary, to tumors 
anterior lobes, to tumors in the region of the pituitary, to a bullet 
lging in the pituitary, and finally, and most pertinent to this inquiry, 


marked internal hydrocephalus of the third ventricle due to general! 
| 


ises of hydrocephalus, such as compression of the aqueduct by cerebe'lar 
umors, by quadrigeminal tumors, by pineal tumors, and by tumors of the 


rd ventricle 


In coneluding this question we may sav that there is some evidence 
the effect that pineal tumors may cause adiposis, either through th 
] 


sturbed function of that body, or else by acting on thi hvpophysis by 


eans of hydrocephalus 
B SEXUAI SPITERI 


Next in importance to the increased fatty growth is the eariv develop 
ment of the sexual characters. Gutzeit in 1896 called attention to this, 
and since this time the observations of Huebner, Frankl-Hochwart and 
Ogle have brought additional evidence. This early sexual development 
has shown itself as an enlargement of the penis, increase in the genital 
hair. or general hairiness of the body, increased libido, usually manifested 
hy early masturbation, and, in some cases, changes in the voice. 

Our own patient showed no changes in the organs, but the voice had 


changed. It was, however, high-pitched rather than deep. There were 
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some silky hairs on the bov’s chin, 


was one of feminisn 


In other cases the menses have been inte 
case, already alluded to, menstruation had « 


l 


ception had taken place at 15. 
The Interpretation of these changes in the sexua sphere 
that of adiposis. In the typical examples of dystroy 
nitalis there is a lack of sexual development. and in son 

histories this general svndrome of hypopituitarism is ey 


others. and chietly in those referred to, notably in children. 
ophy rather than atrophy is in evidence. Thus contradi 
f +} 
ol ‘ 


diminished hypophvsis functioning is to account 


1] not account tor the increase ns xual precocity 


Possibly here the tvpe of tumor introduces new elements 
reckoned with, and whereas adiposis may be a more genera 
ent on hypopinealism, or on hydrocephalus, the sexual pre 
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tvy i tumor, namely to teratomata. o 


he specifi I 


nomata. 


\n analogous situation in the hyp is has been note 


n which instance an adenoma caused an 


combination of hyper- and hypopituitarisn 


Thus Oestreich and Slavvk are incline 


ripening as analogous to an acromevgal LV pM rpineal = 
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\skanaz\ suggests that teratomata ma\ regarded as 
tions.” in which one might expect, primarily at least, an 
pineal secretory functions. 


Viewed from the point of view 


ship 


fects at our command regard ng reli ol 


ofl the third ventrh le to precocious sexua | ( lopme nt. 


thre lines of or 


ned, such pressure symptoms develop along 
One further possibility for a | phvseal explanation 
It may be that the precocious sexual development ma 


tative sign ol a purely nervous character acting through tl 


“vmpathetic svstem, which is very rich, and at later incre: 


brings about degeneration or atrophic phenomena Kurt 


vpothesis which assumes that dyspituitarism results from 


tary secretions in the cerebrospinal fluid, whic 
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results ro 


n of these sexua 


the infundibulum, mav be the explanati 


CACTIENTA 


Whether this has anv relation to the yl al. Is 3 ymptom of the 


hydrocephalus, or of the tumor itself. cannot ve determined Atten- 


tion should he directed to it. however 
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REPORTS OF CASES 
Having called attention to these features of the pineal syndrome, we 
would present the history of the following patient, who had a teratoma 
the pineal body; we then present abstracts of all the available cases: 
Marburg collected forty-four in 1909, Pappenheim thirty-seven in the 


sume vear. We present histories of fiftv-nine cases, some of which are 
ound in the literature of the early part of the last century. which hav 
een overlooked. \s we have seen no compl te summary of these cases 


esented in any language (Chirone has collected a few) we have 


justified in making such as an addendum to our own paper. 


\UTHORS” CASI 


History.—R. S., a boy aged 12, of German-American parentage, entered Dr. 
Pearce Bailey's service at the New York Neurological Institute Sept. 2, LOL, 
because of failing memory and difficulty in walking Lhe clinical picture was at 
lirst sugyvestive of juvenile paresis ( Fig. 2 

The family history was entirely negative, save that his paternal grandfather 
had died of paresis in Middletown State Hospital 

His personal history was practically negative At the age of 5 he broke his 

vht leg in two places, since which time he has always had a stiff leg 

in the early part of 1900, his parents noted that he was not so bright or as 
ek as formerly: that his school work was not so good as it had been. for 
had been a very bright boy Ile had grown very rapidly and was markedly 
fat His writing for August, 1909, and May, 1910, shows that he had developed 
uring this time a distinet tremor of the hand In June, 1910. he had a severe 
ittack of vomiting. and his mother ascribed the onset to this “bilious attack.” 
About July, 1910. his mother noted that his right leg was stiffer than usual, 
ind he could not walk so well In August his legs seemed to give out, and he 
staggered as he walked and would frequently fall, pitching to one or the other 
siecle His voice had also began to be high-pitched, and a little more feeble, and 


talking seemed difficult. He was more sleepy than usual, much more quiet, 


reserved and apathetic, though responsive His gait became much worse and he 


occasionally had incontinence of urine. No further character changes were noted 
by the family, save depression and a tendeney to ery. He did not complain much 
of headache, although he had had some; he felt that the head was heavy; it was 
hard for him to concentrate his attention. He had had no diplopia nor con 
vulsions 

Evramination On admission examination showed a boy large for his age, very 
fat, pale and almost waxy He had no genital hair. but the chin was slightly 

vn 

Neurological Status: Smell was normal. Sight was poor; 20/100 right, 20/200 
left There was marked contraction of the visual fields for white and red in 
each eve with some interlacing of the color-fields Ihe fundus examination 
showed a papilledema of 2 diopters in each eve [he disks were gray and not 
vreatly blurred at the margins 

Third, Fourth and Sixth Nerves The eve movements upward were completely 
ost, and the eves could not be elevated above the horizontal, owing to a paralysis 
of the associated eye movements for both superior reeti. The superior oblique 
were also affected. Mobility outward was moderately diminished in both eves 
Other movements were normal There was occasional nystagmus which was 
irregular, sometimes lateral and at others rotary. The pupils were equal, 4 mm., 


irregular in outline and reacted sluggishly to light and during accommodation 
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Fifth Nerve: Normal, motor and sensory 

Seventh Nerve: Face symmetrical; movements normal, right equal to left 

Eighth Nerve: Hearing was poor Watch at 4 inches. right equal to left 
Rinné and Weber tests normal, right equal to left rhe left labyrinth was slightly 
more irritable than the right to the turning test 

Ninth, Tenth, Eleventh and Twelfth Nerves Fauces, normal longue pro 
truded slightly to the right, and had a fine tremor Speech was stumbling Taste 


was normal, right equal to left 


Fig. 2 Author’s patient, R. S., from photograph. Head thrown back to 


eve position. 


Upper Extremity: No atrophy, hypertrophy, hypotonus or spasm; muscular 


power good; nerve-trunks not tender; triceps and radial reflexes were lively 
right greater than left There was present a coarse static tremor of both hands 
together with a good deal of ataxia: no | of stereognostic sense sensations 


uninvolved. 
Trunk showed no bony or muscular anomalies he abdominal, epigastrie and 


cremasteric reflexes were present and equal. No asynergia No sensory dis 


turbances. 
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Lower extremities No atrophy or hypertrophy, but there was slight hypo 
tonus on both sides Muscular power was fair The knee- and ankle-reflexes 
were exaggerated and equal. Ankle-clonus was present on both sides as likewise 
were the Babinski and Oppenheim reflexes The gait was spastic, ataxic, and 


stumbling. swaying more to the right than to the left: Romberg positive; marked 
ataxia of the legs; slight asynergia, especially walking backward; sensations 
normal 


The thoracic and abdominal organs were negative 


The urine was entirely normal The blood gave a negative Wassermann reac 
tion. ‘The spinal fluid showed no excess of globulin, contained no lymphocytes and 


gave a negative Wassermann reaction 
Mental examination revealed merely a lack of retention in Ziehen’s com 


bination memory test, with marked slowing of all responses 





Fig. 3.—Section of brain from patient R. S., showing pineal tumor, hydro 
cephalus and flattened thalami, mid-brain and optie tracts, also dilatation of 
infundibulum 


\ ray plates of the head showed a number of shadows in the region of the 
pineal body, but this was not, at the time, interpreted as being due to the tumor 

\ diagnosis of brain tumor was made, but the localization was not definitely 
decided We considered it to lie on the left side of the brain, either deep in the 
substance of the cerebellum or else just above the tentorium, involving the supe 
rior cerebellar peduncle 

September 14, the left side of the face was distinctly weaker than the right 
ind the tongue protruded to the left The optic disks showed the same degree 
of edema as before, but their color was fainter, with beginning atrophy 

Following this the patient’s gait became very ataxic, so that he had to be 
helped in walking. Hypotonus was marked, especially in the legs. Incontinence 
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of urine and feces was almost constant In the early part of October, it was 


noticed that when the patient attempted to look up the right eve was elevated 


little more than the left ( Magendie-Hertwig symptom 


Operation \ decompression operation Was decided on, and the first stage was 
«tarted by Dr. Elsberg October 5 Profuse hemorrhage from a cut emissary vein 


aused the operation to be discontinued before the skull was opened 


October 15: Left facial palsy more prominent longue protruded to the left 
{rms much weaker than formerly right much more so than left Sensations not 
nal Patient too weak and ataxic to stand 

October 24: Second stage of the decompression operation performed A plece 


of bone 3 by 2 inches removed, exposing the left posterior fossa Dura very tense 
November 1: Detinite left hemiparesis, with exaggeration of all reflexes; left 


greater than right Patellar clonus on left ankle, left 


greater than right Babin 
ski right greater than left Light and accommodation reactions; right sluggish 
left absent The eve movements had become very peculiar At rest there was a 
slight external strabismus Accommodation for near objects was difficult and in 





Fig. 4—Section of brain from patient R. S 


t. showing hydrocephalus of ven 
tricles, tumor of pineal 


ind effect of pressure on the corpora and mid-brain 


attempting to produce it the eves would move around independently of each other 
All associated movements of the eves 


were seriously affected At times the right 
eve would rotate around an anteroposterior axis, the upper pole turning to the 
right. This was noticed best just as the patient opened his eves The left side of 
the tongue was slightly atrophied rhe patient was extremely ataxic, being 


unable to get out of bed. or to feed himself 
His condition became gradually worse. The 


eve movements became more and 
more incoordinated 


He did not speak voluntarily 
difficulty and in monosyllables 
November 28: 


and answered questions with 


The left hemiparesis continued to increase 
The third stage of the decompression operation was done and 
the dura opened A large amount of cerebrospinal fluid escaped Nothing abnor 
mal was seen, but the patient’s condition did not permit examination of the third 


ventricle area. 
Following the operation the patient's entire left side became very stiff, spastic 


and rigid, so that it could not be moved The hand was held tightly clenched 


Sbo 
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with the thumb adducted, so that it protruded between the third and fourth 
fingers. The leg was in much the same condition, but when irritation (pin 
pricks) was applied to the leg, it flexed sharply, and could not be voluntarily 
extended. The foot was held in a position of marked talipes equinus No sen 
sory disturbances were appreciable An examination of his mental state was im 
possible on account of his dulness 

The boy became progressively weaker, and died Dee. 12, 1910. 

Vecropsy.—Post-mortem examination performed by Dr. Casamajor, three 
hours after death, showed a large amount of cloudy cerebrospinal fluid. The field 
of operation was clean. The brain presented nothing abnormal except a marked 
distention of the third ventricle. 

Section of the brain, after hardening in formaldehyd solution, showed a large 
rounded, encapsulated tumor about 1% inches in diameter, replacing the pineal 
gland he tumor was soft and consisted of sebaceous matter, hair and pieces of 


cartilage (teratoma). These cartilage bits are undoubtedly the structures which 
caused the shadows on the a2-ray plates. All the ventricles of the brain were 
enormously dilated, The corpora quadrigemina were flattened in the dorsoventral 


direction and the aqueduct of Sylvius was almost obliterated. 
Microscopical study of the degenerated fiber tracts has not vet been completed 


SUMMARY OF CASES IN THE LITERATURE 


1. BLANe’s Case.’—Oflicer in navy, who at the age of 33 had slight pain or con 
fusion in the head. More thirsty than usual. Increased. Then came vomiting 
ind pains in balls of eves when he turned them to either side. He was well for 
i time when headaches reappeared, mostly in the occiput, sometimes diffused 
over the whole head. He later had some numbness and weakness of the left hand 
After five years he beeame actively delirious, then lay in a qttiet delirium on 
stupor for fourteen days 

\utopsy showed some hydrocephalus; the nates and testes did not appear dis 
tinet, and the situation of the pineal gland was occupied by a hard fibrous tumor, 
shape and size of a nutmeg, and cut smooth. It lay a little to the right, bruising 
and mashing the substance of the cerebellum rhe pulpy matter adhered to the 
tumor. 

2. Scumipt’s Case."—This is the earliest case of value in our present discus 
sion. It has been missed in all of the papers on the pineal gland. It is particu 
larly interesting in that Schmidt refers the cerebral signs to the hydrocephalus, 
ind the retropulsion signs to the quadrigemina Further, it may be noted that 
disturbance of the generative system and possibly adiposis were recorded by this 
bserve! 

N. A., female, 22 years old, was received in hospital, Aug. 20, 1831. She had 
had somewhat intermittent headache and dizziness for about a year preceding 
\t the time of admission the pain had returned with great severity.  Coinei 
dently with the beginning of the headache the menses had become scanty and had 
ceased entirely at the time of admission, 

Status on August 22: Patient was anxious and restless: consciousness clear 
again she was very quiet, but collected. She had a drunken gait. 

August 25: Patient was again dizzy, forced positions of the head, being unable 
to hold it up at times; convulsive movements in head and extremities, without 
loss of consciousness. Patient was extremely weil nourished, eine krdftige, fast 
iippige Erndhrung zeigende Kranke, confined to bed with turgid facies, and the 
appearance of a dement, or deeply intoxicated patient, with dilated pupils, that 


7. Blane, G.: History of Some Cases of Disease in the Brain; Case of a Tumor 
Found in the Situation of the Pineal Gland, Tr. Soe. Imp. Med. and Surg. Knowl., 
PS0O0. ii, LOS, 

8. Schmidt, P.: Beit riige zur Diagnostik der Krankheiten des Gehirns, Med. 


Ztw.. 1837, vi, 32. Case 2. Enormitas glandulw pinealis, p. 33. 
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reacted very slowly to light Patient could hardly answer questions; but accord 
ing to the nurse knew her surroundings, and at times talked and ate with appe 
tite incontinence of urine Patient made constant retropulsion movements 
Lving in bed, she bent her head back; on being forced to stand, she required 
three persons to prevent her from falling backward, the head being thrown back 
ward continuously 

September 10, she died, after a seizure, during which she ground her teet 
vi" lently 
Autopsy showed marked hydrocephalus $ ounces water in ventricles \ 
pear-shaped tumor, about 24% by 1% by 1's inches, rose-red in color and about the 
consistency of the brain white matter, was found occupying the position of the 
pineal rhe tumor had occupied the third ventricle in part Thalami, corpora 
striata, chorioid plexus and cerebellum were normal The corpora quadrigemina 
on the contrary were much flattened, and practically obliterated No note on the 
hvpophvsis Schmidt refers to some interesting older cases which do not give 
nough details for our purposes 
} STANLEY'S CASE, M. B.. female. aged 4, had been restless and nervous for 
three weeks, and she had begun to mope a week previously Four davs before 
Fig. 5 Tumor from patient R. S it ebella junetion lhe tumor si 
in a narrow cup at the front of the figure 
64 West Fifty-Sixth Street 
Stanlev saw the child she had fallen insensible. remaining so until she died fou 
davs later She had vomited frequently while unconscious Pulse was 60: the 
left pupil was fixed and contracted, the right irregularly dilated No other data 
Qn necropsy a distended pineal gland the size of a hazel-nut was found It ha 
pressed against the nates of the corpora quadrigemina and laterally against thy 
optic thalamus The forme vs well as the pons vere softened from the 
pressure 
t+. SIMON’S Cast Female, 35 vears old. bad headaches, loss of sight in right 
eve three vears, intense headaches Not under observation several months: m 
further clinical notes, and no definite history of the lesion of the pineal bevon 
title 
%. Stanley, S Dropsy of the Pineal Gland, Lancet, London, 1837, p. 935 
10. Simon, | Hémorrhagie de la glande pinéale, Bull. Soc inat Paris 
I8o0. XXXIV, BOG 
ll. Friedreich Psammoma Kvystomatosum hemorrhagicum der Glandula 
pinealis in Combination mit Medullarsarkom, Arch. f. path. Anat Virchow 
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5. Frrepreicn’s Case."——F. K.. 59 vears old, hanged himself. He had been 
depressed for some time, had been drinking heavily, and had had severe headache 
for over a year and sleeplessness. Cherry-sized tumor of pineal was found 

6. BLANQUINQUE’S Case."—D. M.. male, aged 39, September, 1868, was taken 
sick with headache, which became frequent and finally almost continuous by 
January of the following year. He then noted diminution in his vision. In July 
e became weaker 


he had epileptiform convulsions. His attacks continued, and | 
and weaker, showing a marked memory defect. January, 1870, he was confined 


to bed: his le 
was complete, pupils widely dilated; papillary atrophy; conjugate deviation below 


rs would not carry him; he had no paralysis, however. Blindness 


and to the right but no oculomotor palsies. He died in a convulsive attack. 
Necropsy showed marked hydrocephalus; veins of Galen engorged with blood 
tumor size oft pigeon’s egg; psammoma pressing on posterior corpora quadri 
gemina of the right side 
7. Massor’s Case."“—G. B., aged 19, a man with polyuria and polydipsia of 


gradual onset; he drank 25 to 28 liters of liquid a day. Three months after 


entering the hospital he had an epileptiform convulsion; two months later he had 
violent headaches, which continued, mostly front: | and temporal; then left 
internal strabismus, with loss of ability to look up, dij lopia and slight diminution 
in Vision. The mental processes became retarded. Patient grew progressively 
veaker, and his legs could not support him Sensibility was intact. Vomiting 
then set in His memory gradually failed, and six months after his entrance he 
died in coma, 

Autopsy showed hydrocephalus, particularly of the left ventricle, a hard mass 
in front of the corpora quadrigemina, occupying the position of the pineal. The 
tumor entered the third ventricle It was 3.3 by 3.0 by 2.8 em., and was a eat 


cinoma of the pineal. 


8. Boucuut’s Case."—G., 2 years of age, female, entered hospital in’ poor 
physical condition. Her head was large. the fontanelles markedly dilated, and 
pressure caused pain. There was conjugate deviation of the eves; the pupils were 
-lightly dilated, and sluggish to light There was commencing atrophy of beth 
lisks The upper extremities were contracted. ‘The child did not talk and was 
semistuporous, She had had some indefinite convulsive seizures before admission 
to the hospital Iwo weeks after entry she died in coma, with convulsions, during 
which she had nystagmus. 

Necropsy showed marked hydrocephalus [here was a cystic pouch in the 
posterior portion of the third ventricle. The iter was flattened or obstructed by 
the walls of the evst, and it had pressed on the corpora quadrigemina It was 


a cyst of the pineal gland. 

%, SCHEARER’S CASE, S. S.. a l6é-vear-old girl, had epilepsy from child 
hood: no neurological “history Necropsy showed sclerosis and a small tumor of 
the pineal the size of an almond. 

10. Weteert’s Case."—Teratoma of the pineal gland. Boy 14 vears old. No 
history. The tumor had grown mostly forward into the third ventricle There 
was some hydrocephalus 


12. Blanquinque P.: Tumeur de la glande pinéale, Gaz. hebd., 1871, p. 532 

13. Masset, M.: Note sur un cas de tumeur cérébrale avec polyurie, Lyon méd., 
IS72, x, 373 

14. Bouchut, M.: Obs. Il. Kyste séreux du troisiéme ventricle, Gaz. d’hép 
IS72, xliii, 353. 

15. Schearer: Enlargement of the Pineal Gland and Sclerosis of Brain in a 
Case of Chronie Epilepsy with Amentia and Aphasia, Edinburgh Med. Jour., 1875, 
xxi, 297 

16. Weigert, C.: Zur Lehre von den Tumoren d. Hirnanhiinge, Virchow’s Arch 


f. path. Anat., 1875, Ixv, 212 














’. BAILEY ‘ h J/ELLIFF I 87 
ll. Durrin’s Cast W. ¢ a groom, aged 25; negative histor, two months 


prior to admission had dragging at back of neck and occasionally pain in occiput 


to forehead; deep-seated aching in orbits; attacks of vertigo and unsteadiness in 


va it Objects swam about, but without definite direction Headache gradually 
increased, and there was gradual impairment of sight 4 month later. he saw 
double At time of admission headache was intens« giddiness was excessive 


ve could not stand, and when supported staggered like a drunken man; closure ot 


eves aided his gait; head was retracted; lower limbs normal; subjective noises 
in ears; good intelligence; pupils were large, equal. and reacted sluggishly to 
light; slight right internal squint; swollen disks, right greater than left: slight 
facial palsy [Three weeks after admission, drowsiness was marked and a noc 


n; later there was continuous mild delirium, with coma and 


turnal delirium set 
death 

Necropsy showed hydrocephalus, with clear greenish serum in the ventricles 
fumor 2 by 1% inches, chiefly in third ventricle, pressing on the thalami, and also 
on corpora quadrigemina encroached on right superior cerebellar peduncle; some 
ibsorption of the optic thalamus; tumor had penetrated into aqueduct of Sylvius 
It was a glioma of the pineal, apparently 

12. NIEDEN’S CASI K.. a 35-vear-old woman, complained of seeing badly 
and double vision, at times with marked giddiness; occipital headache of late 
She spok« slowly and gave the impression of weak-mindedness There was paresi 
of the right trochlearis, with diplopia, especially on looking down, and to the 
right; papilke normal Iwo months later, seen in another hospital, the patient 
was in a delirious state, and she shortly died 

Necropsy showed large walnut-shaped cystic pineal gland, filling up the entire 


third ventricle 


13. FALKSON’S CASI 0. B., aged 16, complained of difficulty in seeing and 
louble vision, the latte developing shortly before coming to the clink He vasiu 
strongly built bov of middle size in a good state of nutrition: face full-blooded 
especially the nose: eves showed slight paresis of the superior reeti of both eves 
and left rectus internus paresis Hearing was markedly affected: he was forget 
ful, slow in his movements; no other motor or sensory disturbances Ile was very 
drowsy and would go to sleep while being treated Shortly before =~ deat 


| 
papillary changes were noted 

There was flattening of the convolutions and marked hydrocephalus interna 
ind externa The chief part of the tumor was in the third ventricle, 5.8 by 3 by 


1.7 em. Cyst of pineal; thalami excavated: compression of corpora quadrigemina 


l4. NOTHNAGEL’S First Casi \ 21-year-old man had had epileptic attac 
from childhood, occurring two or three times a vear only Attacks ceased one 
vear before beginning of latter difficultv. which came on with vomiting whi 
became continuous rhe patient did not complain of headache, but was forgetful 
ind mentally dull, and had vertige He gradually lost strength and commenced to 
walk with staggering gait. and could hardly stand \ few months later his eves 
became immobile, and the pupils were dilated Iwo vears after the beginning 
of the symptoms he was taken into the clini The patient was a mediun 
strong man. blind. with fixed gaze. somewhat thin. semicomatose, but was aroused 
vhen spoken to; eould tell his name. ete No palsies were apparent, but the 
patient was unable to stand up or sit up He died in coma 

Necropsy showed hydrocephalus, sarcoma of the pineal, involving the quad 


rigemina, pushing into the third ventricle, involving the posterior end of the op 


17. Duflin, A. ¢ rr. Lond. Clin. Soc IS76. ix, 183 

IS. Nieden: Fall von Tumor hydrops cvsticeu glandule pinealis, Centralbl 
f. Nervenh. u. Psvehiat., 1879, ii. 169 

19. Falkson: Ein Chondroeyvstosarcom im dritten Ventrikel. Virehow Are] 


f. path. Anat., 1879, Ixxv, 550 


20. Nothnagel Topische Diagnostik der Gehirnkrankheiten, IS79. p. 206 
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thalamus, posteriorly reaching the cerebellum. The aqueduct was apparently 
dilated 

15. Gowers’ Case."—R. P., aged 24, after exposure to the sun as a policeman, 
developed a headache which became severe. He had it less severe for a month: 
there was slight mental dulness and paralysis of one sixth nerve; patient dozed 
most of the time, attention being aroused with difficulty; partial paralysis of 


right external rectus only. The pupils were equal. Two weeks later the patient 
did not answer questions and gradually became deaf. Double optic neuritis 


occurred; a week later incontinence of urine developed; pulse became infrequent, 
50 to 60. There was a rise of temperature to 100. The patient stayed in semi 
coma, the right side of the face gradually becoming paralyzed He died after 
nine weeks from exhaustion. 

Necropsy showed a sarcoma between the optic thalami posteriorly, in front 
of the corpora quadrigemina, which were damaged, 14% by % of an inch in size 
The pineal body was gone; the left corpora quadrigemina were destroyed, tumor 
extended into iter. 

16. WERNICKE’S CASI Wernicke speaks of a patient affected similarly to 
Blanquinque’s, 

17. TURNER’S Casre."—Museum specimen. No case history. 

18. FEILCHENFELD’s Case.*—L., aged 18, Feb. 2, 1885, was admitted to hos 
pital; ten months previously had headache, vertigo and vomited; became apa 
thetic and showed great weakness of the lower extremities: had jerky movements 
of the entire body, becoming so bad as to interfere with his eating and drinking: 
frequent diplopia and involuntary urination and defecation. Patient had com 
plete paralysis of the ocular muscles, the eyelid alone being movable. Pupillary 
reactions showed the right pupil wider than the left; double choked disk; slight 
left facial palsy. Upper extremities showed slight ataxia, also in lower with 
liminution of motor power; sensibility intact; skin and patellar reflexes pres 
ent: elonus right side Patient had gradually rising temperature and died in a 
comatose condition 

Necropsy showed marked hydrocephalus; aqueduct not dilated \ softened 
part about the size of a 20-mark piece (or a 5-dollar gold piece) at origin of 
middle and superior cerebellar peduncles, incorporated with swollen, sarcomatous 
pineal tumor: also involving the anterior end of the corpora quadrigemina 

19. PONTOPPIDAN'’S CASE A. S., aged 31, received in the clinie last of May: 
had had headache and vertigo for two months; for fourteen days suddenly worse 
with mental dulness, unable to walk or stand and had involuntary excretions. 
On admission patient was mentally dull, with tremor of extremities; some loss 
of motor power in the left; pupils dilated, reacting slowly; movements of eye 
diminished in all directions; papillary margins indistinct; patient showed ten 
deney to lie on one side; could walk if supported, with tendency to retropulsion 
(gait cerebellar). During stay in hospital, there was increasing dulness, 
increased sweating, opisthotonos, epileptiform cramp, optic neuritis, conjugate 
deviation of eyes to right. 

Necropsy: Marked hydrocephalus. Walnut-sized sarcoma of pineal lying on 
corpora quadrigemina, compressing them. 

20. Scuuiz’s Case”—N. N.. male, aged 28, began to have severe headaches 
in 1883. In March, 1884, he was seen by a physician. He had been compelled to 


21. Gowers: Cases of Cerebral Tumor. Lancet. London, 1879, i. 363. Case 3. 

22. Wernicke: Lehrbuch der Gehirnkrankheiten, iii, p. 299. 

23. Turner, F. C.: Spindle-Cell Sarcoma of the Pineal Body, Containing 
Glandular and Carcinomatous Structures, Tr. Path. Soe., London, 1885, xxxvi, 27 


24. Feilchenfeld, L.: Ein Fall von Tumor cerebri, Neurol. Centralbl., 1885, iv 


5. Pontoppidan, K Ein Fall von Tumor der Zirbeldriise, Neurol. Centralbl.. 


iv, 353. 
26. Schulz: Tumor der Zirbeldriise. Neurol. Centralbl.. I886, v. 439 
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stay in bed since January for bad headaches, especially in the occipital region, 
Holding the head forward seemed to relieve them. There was a sensation of burst- 
ing in the head; failing sight, especially left; papille at that time not swollen, 
but margins not sharp. Status at that time: Strongly built man with somewhat 
staring eyes, percussion on occiput painful; pupils normal, no motor or sensory 
symptoms. Patient was better until April, when he began to stagger in his walk, 
and could not go alone. In September he began to grow worse; the exophthalmos 
was more marked, and the right eye had a tendency to turn outward. 

In 1885 the tendon reflexes of the upper extremities began to increase some- 
what. Swallowing was precipitate. The patient had to hold his head forward. 
December, 1885, patient was in bed; no fever, head forward, chin on chest, face 
red, somewhat cyanotic, eyes injected, exophthalmos, pupils equal, reacting, no 
ocular palsies, no facial palsies, no palsies of leg or arm, light paresthesias of 
feet and right arm; unable to walk; marked increase of knee-jerks and clonus on 
both sides; headache was intense. Patient died. 

Necropsy: Marked hydrocephalus; glioma of the pineal, walnut-sized, fairly 
hard, which lay on the corpora quadrigemina, compressing and somewhat shoving 
them apart. 

21. RermnHoLp’s CaseE.”—O. D., male, aged 19, always sickly, much headache 
and vertigo, easily tired; seven months previously there was swelling of the 
testicles, which changed from one side to another, occasional painful urination 
and polyuria. Jan. 4, 1884, the patient was awakened by severe giddiness and 
headache, and on the days following was chilly and weak; headache remitting, 
appetite poor; five days later there was vomiting, and on the twelfth the patient 
entered the hospital where the vomiting continued, and headache increased. The 
disks were normal at this time. On January 19, he had a mild convergent strabis- 
mus, due to weakness of the left rectus externus; pulse slowed to 60; increase 
of skin and tendon reflexes of lower extremities; patient said that he did not see 
so well as formerly; then a slight right facial palsy gradually developed, and lack 
of coordination of the ocular and lid movements looking downward; slight exoph- 
thalmos, pulse slow. On January 31, patient had a convulsive seizure, mostly of 
right side of body. The movements of the eye muscles became less and less, and 
nystagmus-like movements began; pupils were equal; facial involvement increased, 
and there was slight impairment of hearing. February 6 double ptosis occurred; 
paresis right abducens was more marked, the left eye not being movable beyond 
the middle line. Sleepiness and mental dulness became more and more marked; 
patient smeared himself with feces. February 15 he was unconscious, pupils 
immobile, pulse 42, involuntary urination; two days later, another attack, with 
respiration of 10; two days later, pupils unequal, left larger than right, patient 
semicomatose. Patient died February 20. 

Necropsy: Hydrocephalus, flattening of the mid-brain and pontine region, 
hazel-nut-sized cystic tumor of the pineal, just above posterior commissure. The 
corpora quadrigemina were pushed backward, flattened, and pushed apart, the 
aqueduct being shut off. The left middle cerebral peduncle was also compressed, 
and both abducens nerves flattened. 

22. Coats’ CasE.*—J. M., boy aged 13; meager history; came in on September 
30, and died October 13; was very drowsy; could be awakened and would look 
around languidly and then go to sleep again; had been drowsy about five months; 
no fits; some weakness of the right interna] rectus, and slight droop of left eyelid; 
mouth slightly drawn to the left; could walk stiffly and incoordinately only by 
being supported; urinary incontinence; epileptiform fit just before death. 





27. Reinhold: Ein Fall von Tumor der Zirbeldriise, Deutsch. Arch. f. klin. 
Med., 1886, xxxix, 1. 

28. Coats, J.: An Adenoid Sarcoma with Cartilage Originating in the Pineal 
Gland, Tr. Path. Soc., London, 1887, xxxviii, 44. ; 
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Autopsy: Hydrocephalus, tumor 1% by 154 by 1% inch, pushed into third 
ventricle, aqueduct and fourth ventricle; flattening of thalami; small pieces of 
cartilage. 

23. Daty’s Case.”—W. O., male, aged 23, developed headache and photophobia 
after a supposed lightning stroke in October, 1885. He was seen three weeks after 
this occurrence. He then walked with a staggering gait (drunken), being worse 
on closure of the eyes. The arms were free, and the tendon reflexes were normal. 
Vision was dimmed, pupils dilated, equal, contracting sluggishly to light and 
accommodation. Double optic neuritis with swollen disks existed. The patient 
vomited constantly. Ten days later he developed palsy of the left externa! rectus, 
and nine days after that, right facial palsy. During this month and the next he 
had spasmodic contractions of the muscles of the limbs and trunk from time to 
time. He was confused and pugnacious. In February, 1886, the hearing in both 
ears was defective; the patient was almost blind and had occasional fits. He 
could stand and walk only with assistance, but there were no palsies. His appe- 
tite was enormous, and he gained greatly in weight (5 stone or 70 pounds). His 
intelligence diminished; he became entirely deaf, and lost control of bladder and 
rectum. He died in coma in May, 1886. 

Necropsy showed an alveolar carcinoma of the pineal 2 by % by % inches, 
lying on the corpora quadrigemina, which were soft and flattened. No mention 
is made of hydrocephalus. 

24. NoTHNAGEL’s Seconp Case.”—S. R., male, aged 17, in 1883 fell from a 
ladder, was unconscious a few hours, vomited and had headaches; was sick for 
several weeks with fever, headache, vertigo and constipation. On recovery he still 
had headaches. Three months later he had attacks of vertigo; he swayed and fell, 
usually backward. His gait disturbance became very marked, he walked with wide- 
spread feet, and uncertainty. He had some increased urination and thirst. 
Patient also noted that his head was growing larger. The pupils were dilated; 
left more than right; reaction slow; ocular, facial and tongue muscles intact; 
hearing good, papille pale, edges indefinite, Romberg marked. Fifteen months 
later he again entered the clinic. At this time the pupils were equal, dilated, 
reaction to light and accommodation slow; patient blind in right eye, little sight 
in left; gait uncertain; patellar reflexes increased on both sides; no clonus; no 
sensory disturbances. Later he had vertiginous attacks. Three months later he 
was again studied with the history that vertigo and headache still continued, and 
convulsive seizures developed. These were epileptiform in character. During 
this time the patient had developed into a large, strongly built, strikingly fat 
young man; musculature was weak; memory and intelligence not impaired. 

In 1885 he was totally blind. In 1886, the papille were atrophic, pupils wide, 
reacting slowly, later very wide and non-responsive to light or accommodation. 
Nystagmus on looking to right; later on looking upward. Smell later dimin- 
ished; other cranial nerves normal. The gait retained its stumbling, staggering 
(drunken) character. The knee-jerks were increased, clonus developed in August, 
1885, and then spasticity became marked. No sensory anomalies. Ringing in the 
ears had occurred early. In August, 1887, he commenced to discharge cerebro- 
spinal fluid from the right nostril, after a period during which he vomited fre- 
quently. The amount varied from 12 to 110 c.c. a day for seventeen days. When 
checked the symptoms of pressure increased (compare Meyer case) to coma, 
involuntary urination, defecation, slowing of the pulse, etc. The patient died in 
October, 1887, four years from the date of the initial symptoms, after the fluid 
had ceased to flow for thirteen days. 

Necropsy showed marked hydrocephalus; the aqueduct was choked, and in the 
place of the corpora quadrigemina there was a hard, hazel-nut-sized tumor 0.5 


29. Daly: A Case of Tumor of the Pineal Gland, Brain, 1887-1888, x, 233, 
Case IT. 

30. Nothnagel, H.: Gesechwiilst d. Vierhtigel; Hydrocephalus, Abfliessen v. 
Cerebralfltissigkeit durch die Nase, Wien. med. BI., 1888, xi, 162. 
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by 1.3 em., which had compressed the aqueduct. It had sunk into the quad- 
rigemina, spreading them apart. It was a glioma, apparently, of the corpora 
quadrigemina. 

25. GAUDERER’s CASE."—A 12-year-old boy, exceedingly well nourished, some- 
what pale, had been noted the previous summer to be restless; he slept badly and 
had an aural discharge. Four days before admission he complained of headache, 
fatigue, and occasional vomiting, but continued going to school, until an increase 


in the symptoms brought him to the clinic. 

Here he lay in bed, was somewhat apathetic, with a fixed expression, and 
answered questions slowly, but clearly. He complained of frontal headache and 
pain in the neck in forward movements of the head. Pressure on the neck was 
painful. The pupils were medium wide, reacted sluggishly to light; no facial 


palsies; patient’s movements were slow and careful; abdominal reflexes active, 
no complete sensory examination; patellar reflexes absent, but plantar and 
cremasteric reflexes present. 

The patient continued in this condition with slowed, small, and, at times, 
irregular pulse. He lay sleeping most of the time but could be aroused, and gave 
pertinent answers. There was slight opisthotonos. There was beginning neuritis 
in the right eye two weeks after entrance to the clinic. The patient’s stupor 
gradually increased from day to day, slight fever developed and patient died in 
coma fourteen days after coming into the clinic. 

Necropsy showed marked hydrocephalus, including the infundibulum; the 
corpus callosum was pressed on; the corpora quadrigemina were partly destroyed 
by a cystic teratoma of the pineal (walnut-sized), 3.5 by 2.5 cm., which projected 
partly into the third ventricle, and also compressed the thalami 

26. Kny’s Case."—J. H. W., male, aged 32, in April, 1881, had a sudden 
sticking pain in occipital region which gradually spread over the skull during 
the course of the year; since July, 1882, ringing in the ears and painful thumping 
on the inside of the skull. The pain would exacerbate at times, and be accom- 
panied by vertigo, blackness before the eyes, general tremor and clouding of con- 
sciousness for hours. In the fall of 1882 the patient’s vision become dimmed, so 
that by November he could not read, and a month later could not get about. 
Double choked disk was then present. The patient was transferred to the medical 
clinic where attacks became stronger, resembling epileptic convulsions, with immo- 
bile pupils, but the condition remained about the same, up to 1884 when nystag- 
mus developed and slowed speech. In 1885 his intelligence suffered. In 1886 he 
was still well nourished, abdomen very fat, lay apathetically on the back; marked 
divergent strabismus, dilated pupils, immobile to light, and marked lateral nystag- 
mus were present. The patient could not stand; fell backward; no palsies; sensi- 
bility normal; patellar reflexes normal. In the last months there was increasing 
stupor, involuntary urination and defecation; patient remained fat to the end; 
pupils widely dilated; bulbi extending, divergent; epileptiform attacks; sudden 
rise in temperature and death. 

Necropsy: Marked hydrocephalus, walnut-sized sarcoma of pineal; the cor- 
pora quadrigemina only slightly compressed. Vena Galeni widely dilated. 

27. ZENNER’S CASE."—G. W., boy aged 13, began to have intermittent head- 
aches in July, 1891, usually coming on each morning, letting up during the day. 
They were mostly temporal, less often occipital or frontal. Not infrequently 
there was vomiting. He then commenced to stagger while walking (drunken 
gait); his head was drawn back to the left side; vision soon became impaired, and 
by November he was blind. His hearing grew progressively bad; speech began to 


31. Gauderer, L.: Zur Casuistik der Zirbeldriisentumoren, Inaugural Disser- 
tation, Giessen, 1889. 

32. Kny: Fail von isolirtem Tumor der Zirbeldriise, Neurol. Centralbl., 1889, 
viii, 281. 

33. Zenner: A Case of Tumor of the Pineal Gland, Alienist and Neurol., 
1892, xiii, 470. 








872 THE ARCHIVES OF INTERNAL MEDICINE 


be indistinct and finally became unintelligible. In October he began having pecu- 
liar tonic paroxysms, with periods of unconsciousness, which lasted from one to 
thirty minutes. He was confined to his bed by November, becoming more and 
more stuporous, soiling his bed. Then there developed slight contraction of the 
left arm. 

In March, 1892, patient was emaciated with rapid pulse, in a semi-stuporous 
state; no paralysis, but marked contracture of arms; pin-prick felt; pupils 
dilated, immobile to light; eye movements apparently free; double optic neuritis. 
The patient did not speak at all. He died in tetanic spasms in April, 1892. 

Autopsy showed a marked hydrocephalus, and a large gliosarcoma of the 
pineal gland, 1% by 1% inches in size, lying mostly in the ventricles. 

28. Scumip’s Case.“—J. K., male, aged 21; tuberculous patient with fever; 
no mental or neurologic signs for four months preceding death; under hospital 
observation. 

Necropsy showed gelatinous tumor of pineal resting on corpora quadrigemina. 
Size not given. 

29. Kén1e’s Case.”—Accidentally found tumor at autopsy in a man aged 45; 
psammo-sarcoma, gelatinous, large as a chestnut, with dilatation of third and 
fourth ventricles and posterior cornua. 

30. GuTzerT’s Case.”"—A boy aged 7% years, who for about eight months be- 
fore his death was taken with frontal headache and vomiting; isolated attacks of 
vomiting had occurred previously. A month later (January, 1893), he had double 
vision, staggering gait, and drewsiness. In March he had disturbance of hearing, 
saw spots before his eyes. The patient was “strongly built and in a good state 
of nourishment.” He wanted to eat all of the time, was somewhat stuporous, and 
yawned a great deal. His movements were uncertain, ataxic; pulse was retarded; 
optic neuritis, and paresis of the left rectus internus were present; patient could 
not look downward; had strong horizontal nystagmoid movements on looking up. 
Pupils were small, unequal, left smaller than right; immobile to light and to 
accommodation. Hearing was diminished. Incontinence of feces and urine was 
present; now and then spasms in facial muscles; pubic folds well developed. 

Necropsy: Teratoma of the pineal, 4 by 3.25 cm., with marked hydrocephalus 
of the ventricles. The tumor extended into the third ventricle, pushing the 
thalami aside. The corpora quadrigemina were markedly flattened. 

31. Hogesstin’s Case."—E. K., boy, aged 9, had had marked thirst and 
polyuria for some time. He drank from 20 to 24 quarts of water a day. At 
first consultation he had no cerebral symptoms. Some time later, in April, he 
began to have severe headaches, and frequent vomiting; he staggered and swayed 
so that he could not walk. Visual defects then developed; no paralyses, but 
strength of lower extremities was much reduced; the gait was stumbling; the 
pupils widely and equally dilated; the eyes could be directed to the left, right 
and down; but the motion up did not go beyond the horizontal. There were also 
isolated palsies of both superior recti, superior oblique and of the sphincter, and 
choked disks on both sides. The patient gradually grew weak, and became blind; 
convulsions set in, and he died following an attack. The diabetes insipidus had 
diminished some weeks before his death. 

Necropsy showed marked hydrocephalus, and a walnut-sized sarcoma of the 
pineal, which reached over the corpora quadrigemina, and the fore part of the 
cerebellum, and was attached to the former structures. It was very soft. The 
corpora quadrigemini were hardly recognizable, being completely flattened and 


34. Schmid: Ueber latente Hirnherde, Arch. f. path. Anat. Berl. (Virchow), 
1893, exxxiv, 71 (93), Case xxxii. 

35. Kénig: (From Chirone.) Dissert. Miinchen., 1894. 

36. Gutzeit: Ein Teratom der Zirbeldriise, Kinigsberg Dissertation, 1896. 

37. Hoesslin, v. R.: Tumor der Epiphysis Cerebri; Diabetes insipidus; Oculo- 
motoriusliihmung, Miinchen. med. Wehnschr., 1896, xliii, 292. 
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softened on the upper surface. The aqueduct of Sylvius was deformed—disfigured. 
The fourth ventricle was dilated. 

32. Lorp’s Case.*"—Case of syphilitic enlargement, 2.1 by 1.6 by 0.9 em.; 
woman insane seven years; epileptiform attacks and fits of violence; eventually 
left hemiplegia; later, right leg; for a long time demented and in stupor; two 
accessory gummatous growths. 

33. CAMPBELL’S CasE.”—1. Patient female, aged 33, epileptic; died of tuber 
culosis; no brain lesion; pineal 1.0 by 1.3 by .08 em., a cyst. No history. 

34. CAMPBELL’s CASE.—2. Patient, female, epileptic; no history. 

35. RUSSEL’s CasE.“—1l. Female, aged 23, with fracture of base of skull. 
Post-mortem examination showed cyst of pineal % inch in diameter. No history. 

36. RUSSEL’s CaseE.—2. Another museum case. No history. 

37. GaRRop’s CasEe.“—Boy, aged 16, died of diabetes. Cyst size of pea. No 
symptoms; brain normal. 

38. LAWRENCE’S CasE.“—Patient, 16-year-old boy had cough and headache 
two days before death; delirium a week before, with pupils widely dilated, and 
irresponsive, nystagmus, blurring of right optic disk, limbs in constant athetoid 
movements, no convulsions. 

Necropsy showed tuberculous meningitis and swollen gliomatous pineal, 1.4 
by 0.7 cm., pressure on upper side of cerebellum. 

39. OGLe’s Case 1.“—Diffuse sarcoma of half cortex. 

40. OGLe’s Case 2.—Dr. Ogle’s second case is of interest in this respect, as 
he was one of the early observers to call attention to the changes in the genera- 
tive organs. The patient was a boy, F. W., aged 16, who had been sick for a 
couple of months before admission to the hospital. His manner had become 
strange; he was given to masturbation, and inclined to sleep a great deal. He 
was well nourished. His gait was staggering, but the reflexes were normal; 
there was no tremor and no paralysis anywhere; the back, especially the back 
of the neck, was held stiffly. Ten days after admission the pupils were only 
slightly active to light and were large, but variable in size; the boy saw per- 
fectly. There was some loss of power in the external rectus of the right eye. 
About a week later, both external recti were inactive, the pupils widely dilated 
and inactive to light, and the boy quite blind. Although no choking of the disk 
was to be seen, there was slight pallor and blurring as from optic neuritis of 
slight degree; no other cranial nerve involvement; some priapism. The knee- 
jerks were at first present, but later disappeared; there were no changes in tem- 
perature. The penis was of large size, fully equal to that of a lad of 16 or 17 
years; pubic hair was fairly plentiful, but the testicles did not seem enlarged. 

Until his death, the patient had frequent attacks of vomiting, and frequent 
fits, marked especially by opisthotonos; but the most striking symptom was 
sleepiness. He would sleep night and day almost continuously, but could easily 
be aroused by a question, and by slight shaking, and then would answer with per- 
fect readiness and intelligence, but would fall asleep again if left alone. 

Necropsy showed a globular tumor | inch in diameter, projecting into the 
third ventricle, the thalami were pushed apart and hollowed. The corpora 


quadrigemina were obviously flattened. The tumor was a teratoma. 


38. Lord: The Pineal Gland, Tr. Path. Soc., London, 1899, 1, 18. 

39. Campbell: Notes on Two Cases of Dilatation of the Central Canal or Ven 
tricle of the Pineal Gland, Tr. Path. Soc. London, 1899, 1, 15. 

40. Russel: Cysts of the Pineal Body, Tr. Path. Soc., London, 1899, 1, 15. 

41. Garrod: Pineal Cyst, Tr. Path. Soc., London, 1899, 1, 14. 

42. Lawrence: Tumor of the Pineal, Tr. Path. Soc. London, 1899, 1, 14. 

43. Ogle, C.: Sarcoma of Pineal, Tr. Path. Soc., London, 1899, 1, 4. 
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41. HeuBNER’s Case.“—Heubner showed a photograph of a 44-year-old boy, 
with body development of an 8- to 9-year-old boy—large penis, scrotum and 
testes, as in puberty; pubic hair strongly developed; laryngospasm early in life; 
speech slow in development; after 74% months this became normal. The increase 
in growth had taken place in one year, and choked disk had developed at the 
same time. Mild paretic symptoms appeared, owing to rapidly developing hydro- 
cephalus. 

The symptoms were thought to be due to a hypophysis tumor; a-ray showed a 
shadow. Necropsy revealed a pineal tumor, the shadow being due (7?) to thinning 
of bone from hydrocephalus (see case of Oestreich and Slawyk). 

42. OESTREICH AND SLtawyk’s Case.“—P. M., boy aged 4, had attacks of a 
convulsive nature at the age of 12 months. At about 3 years the child, previously 
active, was quiet and shy, and cried a great deal. The child began to grow rap- 
idly, the penis particularly. Four weeks before entering the clinic the gait was 
uncertain and difficult. There seemed some mental confusion, the child staring 
forward and answering no questions. This behavior would come on in attacks 
lasting a day or so. 

The patient was large for his age, with large bones, strong muscles and quite 
fat. He answered questions. Pulse was regular, 70. There was slight right con- 
vergent strabismus; slight nystagmus on side movements; pupils equal; reacted 
slowly and incompletely to light and convergence; typical choked disk on both 
sides; child apparently saw badly. Hearing was good; other cranial nerves nor- 
mal. Mammary glands large; colostrum could be expressed; testicles were size 
of pigeon’s egg; penis large, 9 cm. long at rest; pubic hair 1 em. long and dark; 
gait spastic; skin and tendon reflexes active; no loss of muscular power; sensi- 
bility intact. Gradually the child became more and more dull; answered ques- 
tions more and more slowly, and finally would only shake the head. Ataxic move- 
ments of both extremities then developed, and finally the child could not sit up, 
nor eat. Two weeks after admission clonic-tonic convulsions occurred, the reflexes 
became extremely active, dermographia was marked. About six weeks after 
admission, the child died in coma and convulsions; radiograph showed a distinct 
shadow, thought to be the hypophysis. 

Necropsy showed a large cystic tumor lying in the third ventricle, about the 
size of a small apple. There was marked hydrocephalus. Anatomically it showed 
itself to be a psammosarcoma cysticus of the pineal gland. 

The author calls attention to the possible relation of the gigantism to the 
gland. Askanazy diagnosed this as a teratoma. 

43. NEUMANN’sS Case.“—A. P., aged 27, had had frontal headaches for seven 
weeks. Mornings he was nearly free from pain, but it mounted up after an hour 
or two. Five days before coming to the clinic he had begun to note a diminution 
of his hearing and his sight, especially of the right side. He also began to see 
double. Otherwise he was well. 

Retinal examination showed marked choked disk, both sides, with diminution 
of vision; fields could not be tested. The patient was unable to raise the eyes 
above the horizontal line, or to the right. Movements down and to left were 
undisturbed. The right eye could not be moved beyond the middle line alone, 
but the left alone was freely movable. There was marked nystagmus both by 
convergence and divergence. The right pupil was wider than the left. Both 
dilated and did not react to light or to accommodation. Hearing was diminished 
on the left side, otherwise normal; gait normal; no tremors, no ataxia. 


44. Heubner: Demonst. Versamml. d. Naturforsch. u. Aerzte., Dusseldorf, 
Sept. 22, 1898. Allg. med. Central-Ztg., 1899, Ixviii, 89. 

45. Oestreich and Slawyk: Riesenwuchs und Zirbeldrusengeschwulst, Vir- 
chows Arch. f. path. Anat., 1899, elvii, 475 (Heubner’s Case). 

46. Neumann, P.: Ein neuer Fall von Teratom der Zirbeldriise, Inaugural 
Dissertation, Kénigsberg, 1900. 
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About two weeks after admission the patient had his first attack of vomiting. 
The condition gradually grew worse, and the patient grew thin and sleepy, began 
to be dizzy in walking, and rapidly became comatose. One month after admission 
he died in coma, with some elevation of temperature. 

Necropsy showed a tumor, mostly lying in the third ventricle, 4 by 3 by 2.5 
em. directed anteriorly to the right, and posteriorly to the left, compressing the 
thalami laterally, and the corpora quadrigemina below, and pushing them back- 
ward. The posterior corpora quadrigemina had almost escaped. The fourth 
ventricle was dilated. There was marked hydrocephalus. The tumor was a 
teratoma. 

44. HEMPEL’s Case.“—M. L., a baker, aged 24, had been previously well save 
for an accident to head, followed by occasional headache. His father first noted 
an increasing slowness in his work. The patient said that his memory was not 
so good as formerly, and his headaches were more frequent. For the previous 
year he had been weak, and his gait had become irregular, and like that of a 
drunken man. There was also ataxia in the arms. One day he suddenly fell 
down. After a few weeks in a hospital he seemed better, but fell the day of his 
discharge. He then grew worse and worse and was sent to the state asylum. 
Examination at that time showed a vacant expression, pupils medium, left larger 
than right, non-responsive to light, but prompt to convergence; no nystagmus and 
no eye palsies; tremor of tongue: slight speech disturbance; coarse tremor of 
upper extremities; increased patellar reflexes, double ankle-clonus; ataxic gait; 
no change with eyes closed; Romberg; sensibility practically normal; slight 
hyperalgesia. The patient remained apathetic, the tremor increased, until he was 
unable to write; reading was difficult; spontaneous speech was slow, not scanning, 
lip movements very active. The patient was stupid; could multiply and divide, 
but could not add nor subtract; no papillitis; slight pallor. 

About two months after admission he had spasms in the left arm and leg; 
the reflexes were increased. He gradually developed contractures in the extremi 
ties and after five months lay in bed all drawn together; almost unable to move 
hand or foot; turned head and spoke slowly, could swallow liquids; rotatory 
nystagmus developed. He grew weaker and weaker and died, eight months after 
admission. 

Necropsy showed marked atrophy of the body, and marked hydrocephalus of 
the lateral ventricles, but not of the third or fourth. In the posterior pole region 
there was a tumor which pressed on the veins of Galen. It was about the size 
of a hen’s egg, with its thin end pressing into the third ventricle. It had pressed 
into the substance of the optic thalami. The corpora quadrigemina were totally 
flattened and destroyed, the geniculate bodies pushed aside, and the cerebral 
peduncles much flattened. The tumor was a solid epithelial carcinoma. 

45. NEUMANN’S CasE* 1.—Patient was a woman, aged 28, first seen March, 
1899, for menstrual anomalies, pressure on head which radiated to teeth and neck, 
principally of the left side; she was much prostrated, was very sleepy, and had 
a ravenous appetite. These symptoms she had had for three months; no other 
cerebral symptoms. There was slight difference in the pupils, left larger than 
right, slight exophthalmos; looking upward caused internal convergence; ne 
diplopia; indefinite weakness of the left facial; beginning optic neuritis, right 
more than left. After three weeks the pupils had become widely dilated and 
immobile to light; right hand weaker than left; patellar reflexes both weak, left 
more active. The patient then had some nausea and severe headache. After a 
short stay at home she returned after five weeks. In May she w: 


Y 


Headache, vomiting, dimness of vision were worse, and the pat 


47. Hempel, K.: Ein Beitrag zur Pathologie der Glanduli pin 
Dissertation, Leipsic, 1901. 

48. Neumann, M.: Zur Kenntnis der Zirbeldrtisengeschwiilste, 
Psychiat. u. Neurol., 1901, ix, 337. 
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hardly able to stand. Immobile pupils; left eye closed; protrusion of left bulb; 
pulse rapid, 128. Patient died in June, clear in mind. 

Necropsy showed marked hydrocephalus. A thin membrane was found in the 
third ventricle, lying on the corpora quadrigemina, which could be blown up, 
showing a bladder shape, 3 by 5 em. The corpora quadrigemina were markedly 
flattened. The opening of the aqueduct was enlarged, but nevertheless not per- 
meable because of a small, hazel-nut-shaped tumor lying just behind the posterior 
corpus quadrigeminum. ‘The medulla was flattened. During life there was a 
large cystic, hydropic pineal gland. The tumor within the canal was a neuro- 
glioma. 

46. NEUMANN’s CASE 2.—A boy, aged 11, was well up to eight days before 
coming to the clinic, when he had severe headache, giddiness and vomiting, and 
had to leave school. In the clinic the case resembled a tuberculous meningitis; 
fever, slowed pulse, vomiting. There was diplopia, disappearing on convergence; 
no pareses. The patient soon became somnolent and died two days after coming to 
the clinic, with increasing temperature. 

Necropsy showed enlarged brain, marked hydrocephalus, dilated third ven- 
tricle, filled with walnut-sized (4.6 by 3.4 by 3.0 em.), reddish, cystic sarcoma of 
the pineal, fastened to the corpora quadrigemina and to the cerebellum and tela 
choroidea. The thalami were flattened. The aqueduct was pervious. There was 
slight development of the external genitals. 

Neumann has collected and tabulated reports of twenty-two cases with a full 
discussion of the symptoms to this date. 

47. Jouxovsky’s Case.“—This female child was apparently dead at birth, but 
was reanimated. She did not ery, however. She slept twenty-four hours after 
the first bath, and showed no desire to nurse. There were no marked cranial 
anomalies. At the end of six days there was no exophthalmos, but the pupils 
were unequally dilated, the left double that of the right. The pupillary reflexes 
were absent. There was slight divergent strabismus; no nystagmus, but ptosis. 
The temperature was subnormal. The pulse became slower—80-70-60. The child 
did not vomit. The somnolence was continuous, and bathing, changing, ete., did 
not awake her. During the six days of her life she did not emit a ery. The 
movements of the body and extremities were very feeble, the arms were some- 
what contracted; no loss of tendon reflexes, or of sensibility to pain. At the age 
of six days she died. 

At necropsy 280 e.c. of clear fiuid escaped. There were no cerebral hem- 
ispheres, corpus callosum nor fornix cerebri. There was only a thin, 1-mm.-thick 
sac of cerebral substance. In behind the sella turciea there was a cystic pineal 
gland about the size of an almond; it rested on the corpora quadrigemina, and 
obliterated the aqueduct of Sylvius. The anterior corpora quadrigemina were 

ttened. The cerebellum, pons, corpora quadrigemina, spinal cord, and fourth 
ventricle were all normal. 

48. Meyer’s Case."—Meyer presented this case before the New York Neuro- 
logical Society first in 1902, as a lesion of the chiasm, and escape of cerebrospinal 
fluid from the nose, and later (January, 1905), pathological specimens were pre- 
sented. The patient, a male, struck his head while diving in 1894. In 1898 he 
became blind. In 1899, he had transitory attacks of numbness on the left side 
of the face, leaving out part of the area of the middle branch. Then followed 
difficulty in moving the jaw to the left. In 1900 cerebrospinal fluid began to drip 
from the right nostril, with some general relief. -On stopping the patient would 
become sleepy and stuporous. At one time he showed a strong tendency to walk 
in a circle. In May and October, 1902, being then 22 years old, he had several 








49. Joukovsky, V.: Hydroc®phali® et tumeur congenitale de la glande pinéale 
chez un nouveau né, Rev. mens. d. mal. de Venf., 1901, xix, 197. 

50. Meyer, A.: Adenoma of Pineal Gland, Jour. of Nerv. and Ment. Dis., 1903 
xxx, 216; 1905, xxxii, 464. 
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general convulsions, and he died in 1904 in status epilepticus. There were no 
other neurological signs reported, save slight increase in the knee-jerks. 

Necropsy showed an adenoma of the pineal gland. It had pressed itself 
through the roof of the mid brain, behind the posterior commissure, protruding 
into the third and fourth ventricle, and displacing the corpora quadrigemina. 

49. ASKANAZY’s CasE."—Male, aged 19, in January, 1906, began to have head- 
aches and then pains in the neck which were so severe that he could not hold his 
heed quiet. On going to work January 10, he had an attack of giddiness and 
fell to the ground without any loss of consciousness. Three days later he vomited 
and lost consciousness for ten minutes, and was sent to the hospital where he 
vomited again repeatedly. He was slightly dull; the knee-jerks were increased, 
especially on the right side; no clonus; no Babinski; Kernig and Laségue both 
positive. Lumbar puncture was negative The patient’s condition remained 
stationary until January 17, when he suddenly became worse. Headaches were 
severe, vomiting was excessive and he had an epileptiform attack lasting one 
minute. The right pupil was dilated, the left contracted; pulse 50 to 60. The 
patient died January 18. 

Necropsy showed subarachnoid edema; the ventricles were not dilated. The 
slightly dilated third ventricle contained blood; also a coherent bloody mass 
which reached in the direction of the quadrigemina. It lay between the posterior 
commissure, and the cerebellar vermis, and was about as big as a walnut. It 
could be removed in toto. It covered the entire quadrigeminal region, reaching 
further left than right. It caused an area of softening in the left corpora genic- 
ulata and in the pulvinar of the left thalamus, as well as softening the corpora 
quadrigemina and opening the aqueduct of Sylvius. There was a bloody infiltra- 
tion into the cerebellum. The tumor was a chorio-epithelioma, and the author 
discusses the interesting relation between chorio-epitheliomata and teratomata. 

50. VerGer’s Case."—lInadequately reported case of a woman, aged 42, who 
was first observed in a marked state of dementia. She hardly answered questions, 
but ate, drank and slept; no palsies, nor ocular symptoms recorded; she had 
headache. Towards the close of her illness she had marked vertigo, generalized 
rigors and opisthonos; tendon reflexes exaggerated both sides. 

Necropsy showed hydrocephalus, and a gliosarcomatous tumor the size of a 
hen’s egg. It filled and distended the third ventricle, pressing up against the 
corpus callosum. 

51. Cutrone’s Case."—Chirone speaks of a figure done in wax of a hydrops 
of the pineal 4 by 5 em. by P. E. Sorrentino in 1845, and preserved in the anatom- 
ical museum of the Hospital of S. M. d. Loreta of Naples. He also gives a short 
summary of some twenty or more cases from literature. 

52. Marpure’s Case.“—B. L., girl, aged 9, always delicate and weakly, in 
October, 1906, began to see badly and could not write as formerly. Six week 
later she began to have rheumatic-like pains in the neck, head, arms and legs, 
which were relieved somewhat by medication. Examination of the fundi showed 
signs of pressure. In March following, headache was severe, and the patient was 
compelled to go to bed; vomiting took place. Two weeks later, on trying to walk 
she staggered, and she had such ataxia of the arms as to be unable to feed herself. 
The circumference of the head had increased 6 cm. from October, 1906, to October, 
1907. The intelligence was not much affected. The patient began to get fatter. 

51. Askanazy, M.: Teratom und Chorioepitheliom der Zirbel, Verhandl. d. 
deutsch. path. Gesellsch., 1906, p. 58 

52. Verger, M.: Gliosarcoma developpé au niveau de la glande pinéale, Jour. 
de méd. de Bordeaux, 1907, xxxvii, 216. 

53. Chirone, P.: I tumori della glandula pineale, Med. ital., 1907, v, 141. 

54. Marburg, O.: Zur Kenntnis der normalen und pathologischen Histologie 
der Zirbeldriise, Die Adipositas cerebralis, Arb. a. d. Neur. Inst., 1909, xvii, 217; 
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In October, 1907, the patient’s measurements were 123 cm. in height, 66 cm. 
breast measure, 70 abdomen. The skin was smooth and dry and there was marked 
panniculus; weight 29.3 kg. The patient had choked disks, and slight flatten- 
ing of right nasolabial fold. Otherwise the cranial nerve-findings were negative. 
The upper extremities showed less motor power of left side, but the right reflexes 
were more active. No tremor of hands, but a marked ataxia in the finger-finger, 
and finger-nose tests; left more than right; adiadokokinesis of both hands; abdom- 
inal reflexes both sides somewhat diminished; lower extremities showed diminished 
motor power; slight spasms; knee-jerks increased; ankle-clonus present on right 
side; Babinski sign present; ataxia of both lower limbs on knee-heel test; 
cerebellar asynergia. Walking alone was impossible; spastic ataxia; slight faint- 
ing attacks. October, 1907, body weight increased and heart-beat was rapid— 
120 to 140. Palliative trephining was done by Eiselsberg, over the cerebellum, as 
a cerebellar lesion was diagnosed; tumor sought for and not found. Patient died. 

Necropsy showed a mixed tumor of the pineal, compressing the left pulvinar, 
and reaching to the anterior corpora quadrigemina. There was some hydro- 
cephalus; hypophysis normal, as well as all other blood glands. 

53. Harr’s Case.“—Male, aged 24, for three weeks preceding admission had 
severe headaches, nausea and increasing fatigability. There was stiffness of the 
neck, optic neuritis, with reduced vision, slowed pulse and leukocytes in the spinal 
fluid. As the patient had a fetid bronchial discharge a brain abscess was sus- 
pected. The patient died in seven weeks. 

Necropsy showed internal hydrocephalus, soft hemorrhagic angiosarcoma of 
the pineal, third ventricle much dilated, partially filled with tumor fragments. 
Posteriorly the tumor rested on the corpora quadrigemina, infiltrating and sub- 
stituting the structures in part. 

54. Franxki-Hocuwarr’s Case.“—Boy 5% years old. At the age of 3 the 
child began to grow very rapidly and at 5 he was stout and had reached the size 
of a boy of 7. The boy also developed rapidly mentally, occupied himself with 
the question of immortality, and of the life after death. In August, 1908, he 
developed strabismus. In December he had headache, was very sleepy, yawned a 
great deal; no vomiting. In December he had scarlatina with fever, vomiting 
and angina, from which he recovered, but remained sleepy and apathetic, and the 
headache increased. From the early part of December, 1908, there was a striking 
development of the penis, and marked genital hair, also small hair on the skin. 
The patient had frequent erections and the voice was very deep. 

In January, 1909, patient was as big as a boy of 9; 123 em. long; moderate 
fatty deposits; bones proportionately developed; penis 7 em. long; hair on genitals 
like a 15-year-old boy; pupillary reactions sluggish; abducens paralyzed both 
sides; rectus inferior and superior on both sides paralyzed; left internus paretic, 
right normal; field of vision contracted; right eye much contracted on temporal 
side; double choked disk; cranial nerves otherwise normal; slight tremor of left 
arm. The patient grew more sleepy, and the headache was worse. Urinary incon- 
tinence, vomiting and epileptiform convulsions appeared in January, and January 
22 he died in coma. 

Necropsy showed a definite hydrocephalus, and a walnut-sized tumor in the 
pineal region (5 by 2.5 by 2.9 cm.) soft and knobby, fastened to the vena magna. 
The third ventricle was dilated, especially above; the superior vermis was slightly 
flattened. The roof of the aqueduct was lacking in its anterior half. The tumor 
had replaced the pineal and compressed the aqueduct; the corpora quadrigemina 
were compressed and pushed to one side. The tumor was a teratoma. 
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55. PAPPENHEIM’s Case."—L. R., aged 10, a well-nourished boy, entered the 
Freiburg eye clinic complaining of having had a headache for four weeks, with 
vomiting, for which he was compelled to go to bed. This continued up to the 
time of his entering the clinic, when he began to notice diminution in his vision. 
His head was large; pupils showed light and accommodation reflexes (7?) ; reflexes 
were increased throughout; traces of a patellar clonus; no mental anomalies; 
choked disks were present. Shortly after a decompression operation the patient 
showed increasing dulness and died. 

Necropsy showed external and internal hydrocephalus, and a walnut-sized 
tumor of the pineal gland. It occupied the posterior part of the third ventricle 
lying on and involving the substance of the corpora quadrigemina. Muscle-like 
cells were found, but no other tissues resembling a teratoma. Pappenheim groups 
it as one of Marburg’s compound tumors of the pineal, and terms it a neuroglioma 
ependymale. He collects reports of thirty-seven cases. 

56. RAYMOND AND CLAUDE’s Case."—M. B., a boy aged 10, well up to the age 
of 7, was large for his age, and well developed mentally. In January, 1906, he 
commenced to have a headache localized on the right side, radiating toward the 
eye, the nose and the superior maxillary region of the same side. He vomited, 
with severe crises of pain. He grew somewhat better until July, 1907, when the 
headache and vomiting reappeared. He then began to grow fat, and was la 
for his age. He grew weak rapidly. In October the left leg was feeble; the 
patient could hardly raise it from the ground. His eyesight became impaired, 
and his eyes had a tendency to turn to the left. Lumbar puncture gave some 
relief. In January, 1908, blindness was complete. Vomiting was made worse 
by a lumbar puncture. 

His parents brought him to France in May, 1909. At that time he was 138 
em. tall, looking like a boy of 13. The skin was fat. The patient weighed 39 
kilos; boys of his age should weigh 25 to 26 kilos. He was apathetic, did not 
speak spontaneously, but answered questions well. The cranium was enlarged 
[he patient was muscularly weak, especially on the left side. There was light 
paresis of the muscles of the face on the left side. The tendon reflexes showed 
slight spasticity. There was a normal knee-jerk, but there was clonus and 
Jabinski on both sides; upper extremities normal. The abdominal reflexes seemed 
diminished. There was bilateral optic atrophy; the pupils were dilated and 
immobile, and there was slight nystagmus. The genital organs were small and 
the testicles very small. The patient grew more and more apathetic and sleepy. 
In July the cranial sutures seemed to be coming apart; percussion gave a cracked 
pot sound. Contractures of the neck and arms then developed. In October, 1909, 
the child died of bronchopneumonia. 

Necropsy showed marked hydrocephalus; the third ventricle was dilated, and 
there was a tumor of the pineal 4 cm. in diameter. The corpora quadrigemina 
were not recognizable from pressure. The pons was also involved by the tumor. 
It was a glioma. 

57. Howei’s Case® 1.—P. L., male, aged 42, had complained of dimness of 
vision and occipital headaches for six months, the latter having remitted some 
what for two months. He was also giddy at times and had a tendency to fall to 
the left, and also to fall backward. He staggered to the left in walking. Five 
months after the onset he had had diplopia. On admission he had recent optic 
neuritis, loss of upward movement of the eyeballs, impairment of downward 


motion, especially in the right; pupils small and inactive to light and con 


57. Pappenheim, A. W.: Ueber Geschwiilste des Corpora pineale, Virchows 
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vergence; left abdominal reflex diminished; cerebellar operation, with death 
six weeks later. 

Necropsy showed considerable flattening of the convolutions; some ventricular 
distention; pons was widened and flattened, as also the peduncles, and ventral 
portion of the mid-brain. A (gliosarcomatous?) tumor extending from the 
posterior commissure, to the valve of Vieussens was found. The tumor occupied 
the aqueduct and dorsal part of mid-brain. It distended rather than infiltrated 
the tissues, save in the medial parts of the thalami, where there was some infil- 
tration. The cerebrospinal, central tegumental and right tectospinal tracts showed 
recent degenerations. 


58. Howe's Case 2.—B., male, aged 22, had nausea and slight sickness 
(vomiting?) for some months. For three months he had to stop work owing to 
vertigo, and he had some slight ptosis. For six weeks he had been getting stupid 
and inattentive; had tremor in hands and uncertainty of gait; headache and 
diplopia for two weeks; was healthy-looking, but very restless. He was somewhat 
deaf, was very thirsty, and drank enormously of water. 

Examination showed optic neuritis, pupils equal, ectopic upward and inward, 
inactive to light and accommodation, loss of upper eye movements, with later 
oscillation on motion; downward motion incomplete; slight paresis of left exter- 
nal rectus; slight ptosis, slight deafness; rhythmical tremor of both upper 
extremities; ataxia both sides; gait uncertain; anomalous shuddering movement 
of upper limbs, without sensation of being cold. 

Necropsy showed increased hydrocephalus, the floor of the third ventricle 
being bulged out as a thin walled cyst. A walnut-sized, friable tumor (gliosar- 
coma?) was found projecting into the dilated third ventricle from behind. The 
aqueduct was dilated, and so filled with the growth that its roof was disrupted, 
the growth had also gone down into the fourth ventricle. There were no distinct 
infiltrations. 

59. HoweL.’s Case 3.—F. L., male, 20 years old, had constant headaches, and 
weakness for five months. His legs gave way when he walked. He had failing 
memory and giddiness; no rotation. Examination showed smell defective, intense 
optic neuritis, pupils sluggish to light and convergence; oval on dilatation; loss 
of upward motion of the eyes, nystagmus on lateral movements; slight left facial 
weakness; considerable weakness in left leg and arm, and in back muscles; ten- 
dency to fall backward; some incoordination of right arm. Death after operation 
to relieve pressure. 

Necropsy showed marked hydrocephalus, with distention of floor of third ven- 
tricle; pons and mid-brain much flattened. Tumor (gliosarcoma?) of pineal body 
blocking aqueduct, also forcing into it, distending it and causing it to rupture 
through the upper part of the roof; slight infiltration of thalami; degenerations 
in posterior longitudinal bundle, and ventral longitudinal bundle, tegmental 
tracts and both cerebellar peduncles; mesial fillet fiber degenerations. 
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